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REACTION OF OAT VARIETIES TO PHYSIOLOGIC RACES 
OF LOOSE AND COVERED SMUTS OF RED OATS 1 

By George M. Reed, curator , Brooklyn Botanic Garden , and T. R. Stanton, 
senior agronomist , Division of Cereal Crops and Diseases , Bureau of Plant Indus¬ 
try , United States Department of Agriculture 

INTRODUCTION 


Investigations by Reed ( 5 , 6) 2 and Reed and Stanton (. 9) demon¬ 
strated the existence of races of loose smut, Ustilago avenae (Pers.) 
Jens., and covered smut, 17. hr is (Kell, and Sw.) Magn., that attack 
Fulghum and related strains of red oats. When the Fulghum oat 
first came into prominence, a desirable character was its supposed 
resistance to the smuts. Reed (3) carried out an extensive series 
of experiments with numerous varieties of oats by the use of inoculum 
of loose and covered smuts collected in the vicinity of Columbia, Mo. 
Fulghum was one of the few that stood out prominently as very 
resistant. These results, by means of still more extensive expen¬ 
men ts, were confirmed by Reed, Griffiths, and Briggs (8). Salmon 
and Parker (JO) and Stadler (13) also emphasized the importance 
of the smut resistance of Fulghum and some of its selections. How¬ 
ever, an increasing prevalence of smut in Fulghum oats in the Southern 
and South Central States has been observed by the junior writer in 
recent years. There also is more smut in the Red Rustproof strains 
than formerly. Owing to the extensive culture of the Fulghum type 
of oats from spring seeding, loose smut is particularly common on 
that type in Kans s, Oklahoma, and Texas. In the Southeastern 
States, particule Georgia and South Carolina, both loose and 
covered smuts on ilghum are fairly common. 

C. O. Jolinstoi associate pathologist, Division of Cereal Crops 
and Diseases, re 'ted from Manhattan, Kans., on the prevalence 
of Fulghum smu s follows: 3 

Loo&e smut continues prevalent in Texas, Oklahoma, and Kansas. Most of 
the smut is the form that is virulent on Fulghum. This form apparently came 
from the winter-sown oats of the South. With the discovery and rapid adoption 
of the Fulghum type of oats, this form of smut increased and rapidly moved 
northward, until it is now coextensive with the distribution of Fulghum. In 
1934 occasional fields sown with untreated seed had as much as 25 percent of 
smut. Covered smut is occasionally found in Kansas and was observed on a 
few hybrid selections at Stillwater, Okla. 

In order to obtain further information on the resistance and sus¬ 
ceptibility of oat varieties to these new smut races, the present 
investigation was undertaken. 


1 Received for publication Se] 
Division of Cereal Crops and 


3ept. 26, 1935; issued February f936. Cooperative investigations by the 
Diseases, Bureau of Plant Industrv. U.s ^- j . 
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PREVIOUS INVESTIGATIONS ON PHYSIOLOGIC SPECIALIZATION OF 

OAT SMUTS 

The discovery by Reed (4), in 1924, of physiologic races of oat 
smuts lent a new interest to the question of varietal resistance of 
oats. The first evidence of specialization was obtained by a com¬ 
parison of loose and covered smuts from Missouri and from Wales, 
Great Britain. The results of Reed were confirmed by Sampson (11). 

As soon as the existence of specialized races in the oat smuts was 
demonstrated, Reed (6) secured collections of loose smut from red 
oats grown in the South to determine whether specialization of the 
smut occurred on the red-oat group of varieties. Reed found that 
three collections of loose smut on Fulghum, obtained from Tennessee, 
Texas, and Oklahoma, very severely infected Fulghum but not Red 
Rustproof. Loose smut obtained on Red Rustproof from Texas 
infected the Red Rustproof but not the Fulghum type. Thus two 
distinct races of loose smut on the red oats were demonstrated. 

Further data on the races adapted, respectively, to Fulghum and 
to Red Rustproof, as well as on other specialized races of loose and 
covered smuts, were published in 1929 by Reed ( 6 ). At that time, 
11 races of loose smut and 5 races of covered smut were recognized. 
Sampson (12) published additional data on the occurrence of spe¬ 
cialization of the oat smuts in Wales. Nicolaisen (2), in Germany, 
also has recorded data for many collections of loose smut m which 
he has found marked differences in reaction on oat varieties. 

In 1932 Reed and Stanton (9) published results obtained with 
additional collections of loose smut on red-oat varieties. Loose smut 
on Norton from State College, Miss., on Kanota from Newton, Kans., 
and on Frazier from Lawton, Okla., gave 100-percent infection on 
Fulghum and high percentages of infection on Canadian and Victor, 
while negative results were secured with Red Rustproof and Navarro. 
Three collections of loose smut from Denton, Tex., and from Still¬ 
water and Lawton, Okla., on strains of the Red Rustproof variety 
severely infected Red Rustproof and also Canadian; negative results 
were obtained on Navarro, and only a slight smutting of Victor 
occurred. Fulghum was resistant to two collections, while in the 
case of the smut from Lawton, Okla., 30 percent of the Fulghum 
plants were smutted. This, however, probably was due to a mixture 
of the two races in the original collection of spores. 

The occurrence of a specialized race of covered smut that attacks 
Fulghum oats was recorded in the same paper (9). Two collections 
of this smut were used, one from Athens, Ga., and the other from 
Clemson College, S. C. Very high percentages of infection on 
Fulghum, Canadian, and Victor were secured with both collections, 
negative results being obtained with Red Rustproof and Navarro. 

In 1932 Reed (7) demonstrated that Black Mesdag was also suscep¬ 
tible to the UstUago levis race of Fulghum. This variety previously 
had manifested an unusual resistance to all hitherto known races of 
both loose and covered smut, and it has been widely used in oat-smut 
studies and hybridization experiments in different parts of the world. 

IMPORTANCE OF FULGHUM OATS 

During the last 15 years the Fulghum oat has become one of the 
most important commercial varieties in the United States. It was 
first reported in 1912 in southeastern Georgia, having been developed 
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bv J. A. Fulghum, of Warrenton, Ga., who observed an exceptional 
plant in his field, which had been sown with Texas Rustproof. 
Whether this plant was a mechanical mixture or a hybrid between 
Red Rustproof and some other variety is not definitely known. 

Fulghum is grown as a fall-sown oat in the Southern States and 
California. It has, however, attained economic importance in Mis¬ 
souri, Kansas, and Oklahoma as a spring-sown variety. Stanton {14), 
Stanton and Coffman ( 15,16), Stanton, Love, and Down {17), Salmon 
and Parker {10), and Stadler {13) have reported on the characters 
and economic value of the variety and its selections, including 
Frazier and Kanota. 

MATERIALS AND METHODS 

COLLECTIONS OF LOOSE AND COVERED SMUTS 

The present paper records the data for 5 collections of covered smut 
and 13 collections of loose smut, obtained for the most part from 
Fulghum and related oats. These collections were tested on more 
than 30 oat varieties to determine the range of specialization of the 
two races of smut. The older and the more recently acquired collec¬ 
tions of both loose and covered smuts were used. The history of 
these collections is shown in table 1. 


Table 1 .—History of collections of covered smut (Ustilago levis) and loose smut 
( U . avcnae) used in tests on red oats 


Species and collec¬ 
tion no. 

Host 

Collector 

Ustilago levis: 



11. 

Fulghum_ 

T. R. Stanton. - 

12.. 

-.do_ 

-do.. 

17_ _ 

_do- 

_do. 

18_ _ 

-.do - 

. -.do. . - 

20..- .. . 

Black Mesdag-.. 

T. R. Stanton and 
Hubbard. 

Ustilago avtnae 



12. 

. 

L. R. ITesler_ 

13... 

Fulghum . 

T. R. Stanton. 

14. 

do . 

P. B. Dunkle. 

17.. 

.. --do- - 

G. J. Wilds.- 

18. .. 

Norton - .- 

T. R. Stanton - 

19. 

Kanotn .. . 

. -do. 

20. 

Frazier _ 

. -.do.— . . 

35... _ 

Fulghum . 

-do- 

36.. . 

-do. 

-do. 

21. . 

Red Rustproof-. 

-do..- ... 

22.. 

—do.. 

—do. 

38. 

do..._ 

do_ . 

39.—. 

Nortex. 

do. 


Locality 


Athens, (»u. 

_ Clemson College, S. C 

.. Tifton, Ga.. _ 

do-- 

C. Mandan, ?< Dak... 


Knoxville, Tenn_-_ 

Lawton, Okla- 

Denton. Tex_ 

Uartsville, S. C. 
State College, Miss 

Newton, Kans_ 

Lawton, Okla 

Experiment, Ga_ 

Tifton, Ga_ 

Denton, Tex_ 

Stillwater, Okla .. 

Experiment, Ga_ 

Rosslyn, Va— 


Year 


} 1929 
1 1932 


1924 
} 192. p > 

| 1929 

} 1932 
} 1929 
} 1932 


Four of the collections of covered smut were obtained in the South¬ 
eastern States by the junior writer. All of them were made from fields 
sown to Fulghum. Ustilago levis- 11 and U . lems- 12 were collected 
in 1929 and were used in the previous experiments. U. levis- 17 and 
U. leviA s*-18 were obtained in May 1932. 

Ustilago lems- 20 was collected on Black Mesdag by T. R. Stanton 
and V. C. Hubbard at the United States Norihern Great Plains Field 
Station, Mandan, N. Dak., in August 1932. The variety was grown 
in an experimental plot in which the influence of smut infection on 
plant vigor in oats was being studied {1 ). The appearance of covered 
smut on Black Mesdag at Mandan is of exceptional interest. This 
smut from Mandan also attacked some hitherto resistant hybrid 
selections, of which Black Mesdag was one of the parents at the 
Aberdeen Substation, Aberdeen, Idaho, in 1934. These selections 
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were tested for the department of field crops, University of Alberta, 
Edmonton, Canada. The original smut used for inoculating Black 
Mesdag at Mandan in 1932 was a mixture of several collections of 
spores of U. levis , furnished by V. F. Tapke, Bureau of Plant Industry, 
United States Department of Agriculture. In view of the results of 
experiments reported herein, the material used evidently contained 
some smut spores originally collected on Fulghum. 

Of the 13 collections of loose smut used in the present experiments 
(table 1), 9 collections, several of which were used in the earlier ex¬ 
periments, were from the Fulghum type of oats, and 4 were from 
strains of the Red Rustproof variety 

Some of the collections as originally received were mixtures, and 
the early tests demonstrated the fact that two or more distinct races 
were present. The original field of oats from which the smuts were 
gathered, while predominantly of one variety, evidently contained 
admixtures of others. 

OAT SPECIES AND VARIETIES INOCULATED 

In the course of all the experiments, 34 varieties or strains of oats, 
belonging to 6 species and subspecies of Arena, were used to differenti¬ 
ate the smut races. Definite strains of these varieties,' many of them 
grown for many years in connection with the various experiments of 
the senior writer, were used. These particular strains are n^jv recog¬ 
nized as of special significance in the differentiation of specialized races 
of loose and covered smuts of oats. 

The common oat, Arena mtiva L., was represented by 17 varieties; 
the common side oat, A. mtiva oriental! s (Schreb ) Alefeld, by 2 
varieties; the naked oat, A. nuda L , by 2 varieties; and the red oat, 
A. byzantina C. Koch, by G varieties. In addition, one or more strains 
of A. barbata Brot., A. brevis Roth, ^1 fatua L., A \trigom Schreb , 
and A. sterilis L were growm. 

METHODS 

All of the experiments were conducted at the Brooklyn Botanic 
Garden in the period from 1931 to 1934 Some of the smut cultures 
w T ere grown in the greenhouse, but most of them were grow r n in the 
field. The methods employed have been developed by the senior 
writer in connection with his various experiments with the oat smuts 
After removing the hulls, the caryopses were treated for 10 minutes 
with a solution of formaldehyde, 1 part to 320. They were then 
inoculated by dusting with the dry spores, and germinated at a tem¬ 
perature of approximately 20° C. in sand with a low moisture content 
Under these conditions the seedlings usually emerged in 4 days, and 
2 to 3 days later were transplanted. The experiments with most of the 
varieties were repeated one or more times to insure reliable results. 

EXPERIMENTAL DATA 

TESTS WITH FULGHUM COLLECTIONS OF USTILAGO LEVIS 

On the basis of the reaction to the five smut collections, the oat 
varieties are arranged in three classes: (1) Varieties susceptible to all 
collections; (2) varieties resistant to some collections and susceptible 
to others; and (3) varieties resistant to all collections. Within each 
of these classes the varieties are further grouped as to species. 

The detailed data for the five collections of covered smut are given 
in table 2. 
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Varieties Susceptible to All Collections 

Four of the collections were made on Fulghum in Georgia, Missis¬ 
sippi, and South Carolina, and therefore special interest is attached 
to the reaction of Fulghum and related varieties. In addition to 
two strains of Fulghum, Frazier and Kanota were inoculated. All 
five collections of covered smut produced smut in all of these varieties. 
The percentage of smutting on Fulghum (129) 4 ranged from 46.9 
percent with UstUago lewis- 12 to 83 percent with U. lewis- 17, and 
that on Fulghum (1000) from 43.3 percent with U. lewis- 12 to 100 
percent with U. levis- 17. Frazier gave 40.8 percent infection with 
U. lewis-12 to 84.2 percent with TL lewis- 20, and Kanota 52.9 percent 
with U. lewis-12 to 95 percent with U. lewis-20. 

Perhaps next in interest to the behavior of these Fulghum varieties 
is the fact that Black Mesdag proved susceptible to all the collections: 
the percentage of smutting ranged from 35.1 with Ustilago lewis-17 
to 61.3 percent with U. lewis- 12. As noted earlier, it is probable 
that the smut collected on Black Mesdag at Mandan, N. Dak., came 
originally from spores obtained in the South. 

Canadian, Joanette, Monarch, and Victor gave rather high per¬ 
centages of infection with all five collections. These varieties usually 
are susceptible to specialized races of covered smut. Monarch, in 
particular, has shown high susceptibility to practically all such races 
while being very resistant to most races of loose smut. 

The varieties Black Diamond, Early Champion, Full less, Liberty, 
and Green Mountain generally gave much lower percentages of smut 
than the varieties just mentioned. While infections were obtained 
on these varieties with all the collections, the percentage varied 
greatly. Whether any significance may be attached to this variability 
has not been determined. 

Varieties Resistant to Some Collections and Susceptible to Others 

Burt, a red oat, gave negative results with Ustilago lewis- 12 and 
low percentages of smut with the other four collections. The great 
variability of Burt in plant characters may be paralleled by a similar 
variability in its reaction to the races of covered smut. 

Black Norway gave negative results with four collections. How¬ 
ever, of 39 plants inoculated with Ustilago lewis-1 1,27, or 69.2 percent, 
were smutted. This result seems definitely to differentiate this col¬ 
lection from the other four. 

Danish Island gave negative results with two collections and very 
slight infections with Ustilago lewis- 11, U . lewis- 12, and T r . lewis-20 . 

A strain of Avena brevis gave negative results with four collections. 
However, 8.4 percent of the plants were infected with UstUago levis- 
12. The smutted plants were similar to those occasionally attacked 
by the Missouri race of covered smut. The plants first sent up 
normal stems of the usual height. A few T 'tillers infected with smut 
developed from the base, attaining one-half to two-thirds the height 
of the normal stalks. 

The results with strain no. 587 of Avena strigosa probably are sig- 
nificant in s eparating UstUago levis-12 from the other four collections, 

ob^vS^y G n eorgeM h R^d DdiCate special numbers assigned to strains of those varieties inoculated and 
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since 44.2 percent of the plants were infected with U. levis- 12, 
wheieas negative results were secured with U. Jem-11 and U . levis -17 
and very low percentages of smutted plants with 17. levis -18 and 
U. levis- 20. 

Intermedia , a variety of Avena strigosa orcadensis Marq., also has 
given significant results. All of the plants inoculated with Ustilago 
levis -17 and U. levis -18 were smutted. Infection occurred in 5.5 
percent of the plants inoculated with U. levis -11 and in 6.6 percent 
of those inoculated with U. levis- 12. 17. lems-20 gave negative results. 

This variety was tested in only one seiies of experiments and, on 
account of late seeding, did not fully head, so that the number of 
plants in a few of the series is rather low for drawing definite con¬ 
clusions. 

Varieties Resistant to All Collections 

Eight varieties of Avena sativa —Cornellian, Danish, Gothland, 
Iogold, Markton, Monarch Selection, Rossman, and Scottish Chief— 
and Seizure, a variety of A. sativa orientals , proved to be resistant to 
all collections. It may be noted that nearly all these varieties are 
resistant to specialized races of covered smut while very susceptible 
to many races of loose smut. 

Navarro and Red Rustproof, varieties of Avena byzantina , as well 
as macrocarya , a variety of the wild red oat, A. sterilis , were resistant 
to all collections of Ustilago levis. ^ 

One strain of the common wild oat, Arena jatua , was resistant, 
although one smutted plant inoculated with Ustilago leris-12 was 
noted in the series. 

TESTS WITH FULGHUM COLLECTIONS OF USTILAGO AVENAE 

There were 9 collections of loose smut, 5 of which came from Ten¬ 
nessee, South Carolina, Mississippi, and Georgia, and 4 from Kansas, 
Oklahoma, and Texas. Sc far as definitely known, most of the col¬ 
lections were secured on Fulghum, while Ustilago arenae -20 was 
made on Frazier and U avenae-18 on Norton, a variety originally 
developed from a cross in which Fulghum was one of the parents. 
The varieties are classified as before, i. e., on the basis of their reaction 
to the collections of loose smut. The data are recorded in table 3. 

V \rieties Susceptible to All Collections 

Frazier gave a range of infection from 48.2 percent w r ith Ustilago 
avenae -19 to 79.4 percent with U. avenae- 18. Fulghum (129) ranged 
from 54.5 percent with U. avenae-Zh to 74.3 percent with IT. avenae- 20. 
Fulghum (1000) ranged from 25 percent infection with U. avenae -35 to 
95 percent with U. ar>enae-18. Kanota gave a range of 47.3 percent 
with U. avenae -35 to 70.5 percent w T ith U. avenae- 14. In no case 
were all the inoculated plants of these varieties infected. 

Canadian gave high percentages of smutted plants with all of the col¬ 
lections. Somewhat variable results were obtained with Black Dia¬ 
mond, Victor, Hull-less, Liberty, and Green Mountain. Rather high 
percentages of infection usually were secured with most of the collections. 

The strain of Avena barbata proved susceptible to six of the col¬ 
lections. Unfortunately, the number of plants was small because 
the seed was sown late and very poor heading resulted; although the 
variety was used with the other collections, no fully developed plants 
were secured. 
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Varieties Resistant to Some Collections and Susceptible to Others 

Black Norway, Monarch, and Scottish Chief (varieties of Arena 
sativa) and Burt (a variety of A. byzantina) gave rather variable 
results. The percentage of smutting usually was very low and some¬ 
times negative. Whether any special significance may be attached 
to the results obtained with these varieties has not been determined. 

However, the results with some other varieties indicate differences 
in the specialization of the collections. 1 7 stilago avenae- 12, ( \ avenae- 
17, U . avenae- 18, V. avenae- 35, and V. avenae -3fi, which were col¬ 
lected in Tennessee, Georgia, Mississippi, and South Carolina, can be 
separated from V. avenae- 13, V. armae-14, V. avenae- 19, and U . 
avenae-20 , collected in Kansas, Oklahoma, and Texas, by the reaction 
of Gothland, Monarch Selection, Seizure, and Rossman. V. avenae- 
13, U. avenae- 14, U. avenae- 19, and V. avenae-20 have given eom- 

f jaratively high percentages of infection on all these varieties, while 
ow percentages or negative results have been secured with the 
remaining collections. The results perhaps are most striking with 
Monarch Selection, a large number of plants having been inoculated 
wfith the various collections of smuts. The results were entirely 
negative with V. avenae- 12, l\ avenae- 17, and l . avenae- 18, w T hile 
with U. avenae- 35, 19.6 percent of the plants, and w ith l\ avenae- 36, 
1.8 percent were smutted. On the other hand, C. avenae- 13 gave 
82.3 percent; U. avenae- 14, 41 percent; V. avenae- 19, 61.5 percent; 
and U. avenae-20, 67.6 percent. 

It is probable that the results with Danish Island may serve to 
differentiate collection Vstilago avenae 14, since 84.2 percent of 
infection was obtained. With the other collections, the results were 
negative or gave comparatively low percentages of infection. 

It is also possible that the strain of Arena fatua may separate Vsti- 
lago avenae -12 from the other collections, since 36.8" percent of the 
plants were smutted, while negative results were obtained in all the 
other series. 

Intermedia , a variety of Arena strigosa orcadensis , seems to separate 
Ustilago avenae -18 from the other collections, since 82.3 percent of the 
inoculated plants were smutted, while negative results were obtained 
w ith all the other collections. 

VviUKTiEs Resist\nt to All Collections 

Navarro and Red Rustproof, varieties of Avena byzantina , gave 
negative results with all of the collections, although one smutted plant 
of Red Rustproof, inoculated with Vstilago avenae- 13, was noted. 
Macrocar pa, a variety of A. sterilis, gave negative results with the 
eight collections with which it w as inoculated. 

Black Mesdag, Cornellian, Iogold, Joanette, and Markton gave 
negative results, although smutted plants of Cornellian inoculated 
with ( T stilago avenae -14 and V. avenae-36 and one smutted plant of 
Markton inoculated with V. avenae-10 w r ere noted. 

The strain of Avena brens gave negative results with eight of the 
collections, no plants maturing in the series with Vstilago avenae- 13. 
Strain no. 587 of A. strigosa also gave completely negative results. 

TESTS WITH RED RUSTPROOF COLLECTIONS OF USTILAGO AVENAE 

Previous investigations by Reed (5, 6) and Reed and Stanton (0) 
demonstrated the existence of a specialized race of loose smut that 
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attacks Red Rustproof and closely related oat varieties. Additional 
data on four collections of loose smut on Red Rustproof and Nortex 
have been obtained. In the course of the experiments, 27 strains or 
varieties belonging to various species of Arena have been inoculated. 
Nearly all of these have been grown in the three series in which the 
smut was obtained on Red Rustproof, while seven varieties were 
inoculated with the smut obtained on Nortex. The data are given in 
table 4. 

Table 4. —Reaction of species arid varieties of Avena to collections of Vstilago 
avenae on Red Rustproof oats grown at the Brooklyn Botanic Garden } 1931-34 


Reaction of Arena plants to collection 1 of 


Specie 4 ? and variety 

Seed 

no 

! 

C I 
no 

U avenae 21 1 

U avenae -22 

U avenae -38 | 

U. avenae -39 

Inocu¬ 

lated 

Smut¬ 

ted 

Inocu¬ 

lated 

Smut¬ 

ted 

Inocu¬ 

lated 

Smut¬ 

ted 

Inocu¬ 

lated 

Smut¬ 

ted 




Num¬ 

Per¬ 

Num¬ 

Per¬ 

Num¬ 

Per¬ 

Num¬ 

Per¬ 

Avena byzantina 



ber 

cent 

ber 

cent 

ber 

cent 

ber 

cent 

Fulehum 

129 

3211 

40 

0 

20 

0 

20 

0 



Navarro .. . 

939 

966 

38 

0 

20 

0 

18 

0 



Nortex 

907 

2142 



11 

90 9 

20 

20 0 

20 

55 0 

Red Rustproof 

131 

3212 

17 

35 2 

20 

25 0 





Do 

265 

884 

20 

85 0 

20 

50 0 

18 

27 7 



Do . 

999 

1815 



20 

35 0 

20 | 

40 0 

20 

75 0 

Avtna brevt8 . . 

289 

1783 

37 

0 

20 

0 





Avena fatua 

968 

3213 

32 

96 S 

25 

100 0 

36 

< i i 

19 

100 0 

Arena strigosa. _ 

587 

1782 

35 

57 1 

35 

37 1 

12 

0 



Avena nuda 











Hull-less 

30 

1007 

39 

0 

19 

0 

19 

0 



Avena sativa • 







[ 




Black Diamond 

116 

1878 

38 

2 6 

16 

0 

19 

0 



Black Mesdag 

70 

1877 

38 

0 

19 

0 

18 

0 



Canadian 

119 

1625 

39 

61 5 

40 

57 5 

37 

48 6 j 

16 

81 2 

Danish 

309 

1669 

40 

0 

20 

0 

18 

0 


. 

Danish Island 

149 

3210 

37 

2 7 

20 

0 

19 

0 



Early Champion 

150 

1886 

36 

5 5 

20 

5 0 

1 18 

0 

I 


Gothland 

152 

1898 

34 

0 

19 

0 

38 

0 1 

20 

0 

Joanette 

187 

1762 

39 

0 

20 

0 1 

19 

0 

I 


Markton . 

752 

2053 

39 

0 

20 

0 1 

18 

0 



Monarch 

161 

1876 

39 

0 

20 

0 

17 

0 

I 


Monarch Selection 

162 

1879 

39 

0 

19 

0 

17 

0 



Rossnrin. 

322 

1688 

39 

0 

20 

0 l 

i 19 

0 



Scottish Chief 

121 

1901 

33 

0 

19 

0 ! 

l 20 

0 



Victor 

126 

1875 

38 

2 6 

20 

10 0 

39 

0 , 

19 

*i 2 

At'ena sativa oruntalis 











Green Mountain 

110 

1892 

38 

0 

20 

0 

19 

0 



Seizure 

216 

1600 

36 

0 

20 

0 1 

18 

0 1 



Avena sterilts macrocar pa . 

| 1002 

2657 



1 

! 

18 

0 

19 

15 7 


i V avenae -39 was obtained on Nortex at Rossi* n, Va Other collet turns were oht tine 1 on Red Rust¬ 
proof at the following localities i r amine 21, Denton, Tex r amine 22, Stillwater, Okla ( r amine- 3s. 
Experiment, Ga 


Strains of four varieties of Avena byzantina were inoculated with 
most of the collections. The three strains of Red Rustproof were 
infected by every collection with which they were inoculated. Nor¬ 
tex, a similar variety, also was infected with the three collections of 
smut with which it was inoculated. Fulghum and Navarro gave 
negative results. 

Canadian was the only variety of Avena mtioa severely infected, 
the percentages ranging from 48.6 to 81.2. The varieties Black 
Mesdag, Danish, Gothland, Joanette, Markton, Monarch, Monarch 
Selection, Rossman, and Scottish Chief gave negative results. An 
occasional smutted plant of Black Diamond, Danish Island, Early 
Champion, and Victor was observed. 

G^reen Mountain and Seizure (varieties of Avena sativa orientalis ), 
Hull-less (a variety of A. nuda), and the strain of A. brevis also gave 
negative results. Macrocarpa, a variety of A. sterilis, was grown in 
only two of the series, and in one of them three smutted plants were 
observed. Strain no. 587 of A . strigosa gave 57.1 percent infection 
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with Ustilago avenae- 21 and 37.1 percent with U. avenae- 22, while 
negative results were obtained with U. avenae-Z%. However, only 12 
plants were grown in the experiments with the last collection. 

The results obtained with Arena fatua are especially interesting. 
One strain was inoculated with all four collections, and the percent¬ 
ages of infection ranged from 77.7 to 100. It is evident that this 
strain of the species is very susceptible to the race of loose smut that 
attacks strains of the Red Rustproof variety. 

DISCUSSION 

The data recorded confirm the results of earlier investigations, 
indicating clearly that there are distinct races of loose and covered 
smuts specialized to the Fulghum type of red oats. These races, 
however, are not restricted to these oats but may attack varieties 
belonging to other species and subspecies of Arena. 

Four collections of covered smut used in these experiments were 
obtained on Fulghum in Georgia and South Carolina, and one col¬ 
lection was obtained on Black Mesdag at Mandan, N. Dak. The 
evidence indicates, however, that the spores that infected Black 
Mesdag were introduced from the South. 

Specialization within the races of Ustilago /em-Fulghum and U. 
arenae- Fulghum is also indicated. U. leris- 11 is differentiated 
from the other collections by its ability to infect Black Norway, a 
variety unusually resistant to the races of covered smut. In the 
present experiments, 39 plants were grown and 27 (69.2 percent) 
w ere smutted. The results with strain no. 587 of .1. strigosa probably 
separate U. leris- 12 from the other four collections. Significant 
results with intermedia, a variety of .1. strigosa e >'*adensis , also have 
been obtained. This variety has proved to be very susceptible to 
U. leris- 17 and U. leris- 18 and resistant to the other collections. 

Further specialization also is indicated in the collections of loose 
smut. Gothland, Monarch Selection, Seizure, and Rossman appear 
to be susceptible to Ustilago arenae- 13, U. arenae- 14, U. arenae-19, 
and l \ arenae -20. w bile practically negative results have been secured 
with the remaining collections. It is also possible that Danish Island 
may serve to differentiate U. arenae- 14 from the other collections, 
since 84.2 percent of the plants were smutted. 

The strain of Arena fatua was infected with only one collection ol 
Ustilago arenae-Yulghum, the plants inoculated with U. avenae- 12 
giving 36.8 percent infection. 

The Fulghum races of covered and loose smuts have shown very 
distinct differences in their reaction on the various oat varieties. 
Both groups severely attack the strains of Fulghum and ai< negative 
on such varieties as Navarro and Red Rustproof. Both loose and 
covered smuts infect severely some varieties of the Arena sativa 
group, for example, Canadian. Other varieties, however, are com¬ 
pletely resistant to the loose smut but susceptible to the covered 
smut. It is especially interesting that Black Mesdag is resistant to 
the loose smut but susceptible to the covered smut. 

The race of loose smut collected from strains of the Red Rustproof 
variety appears to be more limited in its capacity for infecting oat 
varieties. It is confined to strains of the Red Rustproof type belong¬ 
ing to Arena byzantina. Fulghum and Navarro are completely 
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resistant. Only one variety of the common oat, Canadian, is seriously 
attacked. Sporadic infections seem to occur on some other varieties, 
including Black Diamond, Danish Island, Early Champion, ana 
Victor. Black Mesdag and Mark ton are among the varieties con¬ 
spicuous for their resistance. The varieties of A. nuda and A. 
saliva orientalis also proved resistant. The strain of A . brevis was 
entirely free from smut. The one strain bf A. strigosa grown con¬ 
tained a considerable number of smutted plants. It is especially 
interesting that the specific strain of A. fatua inoculated was fully 
susceptible to this race. This strain was collected in California in 
1930. 

SUMMARY 

Five collections of Vstilago lens have been tested on 34 strains or 
varieties of oats belonging to species of Arena. Four collections were 
obtained on Fulghum in Georgia and South Carolina, and one on 
Black Mesdag in North Dakota. These collections proved to be 
highly specialized in their ability to attack certain varieties of oats. 
They were very similar in behavior, but minor differences, indicating 
the existence of subraces, were evident. 

Nine collections of Vstilago avenae , from the southern oat-growing 
region, were used for inoculation experiments. Five of the collections., 
came from Tennessee, Georgia, Mississippi, and South Carolina, and 
four from Kansas, Oklahoma, and Texas. These collections were 
similar in their reaction on many oat varieties, but some evidence 
was obtained indicating that specialized subraces may occur. 

A distinct race of loose smut occurs on Red Rustproof oats. 
Canadian (a variety of Arena satim) and the strains of A. fatua and 
A . strigosa grown in the present experiments are also susceptible. 

It is noteworthy that Markton and Navarro stand out as completely 
resistant to all these collections of loose and covered smuts. Black 
Mesdag, hitherto recognized as extremely resistant to all races of 
smuts, was found to be decidedly susceptible to Vstilago leris- Ful- 

? hum, although completely resistant to V . areme-Fulghum and 
7. avenae- Reel Rustproof. 
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CHEMICAL COMPOSITION OF JUICE FROM LOUISIANA 
SUGARCANE INJURED BY THE SUGARCANE BORER 
AND THE RED ROT DISEASE 1 

By Nelson McKaig, Jr., associate soil technologist , Division of Soil Fertility 
Investigations, Bureau of Plant Industry , and C. A. Fort, assistant chemist^ 
Carbohydrate Division , Bureau of Chemisiry and Soils , United States Department 
of Agriculture 2 

INTRODUCTION 

In a study of the effect of fertilizers and soil conditions on the 
composition of the juice of Louisiana sugarcane (Sacckarum offidnarum 
L .), unusual variations in the purity and in the nonsugars of the 
juice of samples were occasionally found. The fact that these 
samples of irregular composition appeared to be largely confined 
to varieties known to be highly susceptible to damage by the sugar¬ 
cane borer (Diatraea saccharalis F.) and red rot ( ColletotricKum, 
jalcatum Went) led to the belief that such injury had adversely 
affected the composition of the juice. Recently, Hinds et al. (£)* 
have shown that borer infestation materially reduces the purity of 
cane juice. They have thus confirmed the earlier work of Cross, 
Allbright, Van Dine, Barber, Stubbs, Morgan, and others, which 
has been summarized by Holloway (5), and which clearly indicates 
that both the quality and the quantity of the juice are reduced and 
the reducing sugars in the juice are increased by injury from borer 
infestation. In the original description of the red rot disease in 
Java, Went (10) presented juice analyses showing that even a light 
infection of the stalks by the causal fungus resulted in a significant 
decrease of sucrose and a corresponding increase of invert sugars. 
This result has also been demonstrated by Edgerton (S) in Louisiana. 
Little or no information seems available on the effect of injuiy to 
sugarcane by borers or red rot on the various nonsugars of the juice, 
the nonsugars being the salts and organic compounds other than 
sucrose and reducing sugars. Therefore, analyses of the juice of 
sound and of injured canes have been made to determine whether 
borer and red rot injuiy had the same effect on the nonsugars as on 
the carbohydrate fraction of the juice. As a result of these investiga¬ 
tions, reported herein, previous observations on the effect of borer 
and red rot injury on extraction and juice purity are confirmed, and 
further data have been obtained which indicate that these injuries 
materially alter the quantity and composition of the nonsugars in 
the juice. 

MATERIALS AND METHODS 

On November 27,1931, during the harvest of certain experimental 
plots of plant sugarcane grown on Sharkey silty clay at the United 
States Sugar Plant Field Station near Houma, La., a number of 

1 Received for publication Sept. 9,1935; issued February 1936. 

> The writers gratefully acknowledge the cooperation of E. V. Abbott, Division of Sugar Plant Investiga* 
tions, Bureau of Plant Industry, who collected the samples of sugarcane used in this investigation and esti- 
m ?ted the degree of red rot and sugarcane borer injury. 

1 Reference is made by number (italic) to Literature Cited, p. 24. 
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apparently equally mature mill-length stalks of the four varieties 
shown in table 1 were collected, split lengthwise, and examined for 
borer and red rot injury. From this material three samples of each 
variety were selected: (1) Wholly sound stalks, (2) stalks with an 
approximately equal amount of borer injury but free from red rot, 
and (3) stalks showing approximately uniform amounts of both 
red rot and borer damage. Each sample thus obtained consisted of 
about 10 stalks of cane. The percentages of infestation were recorded 
at the time of collection of the samples and are expressed as percentages 
of intemodes affected. Immediately after collection the samples 
were crushed in a hydraulically equipped sugarcane mill and the 
juice freed of bagassillo, sediment, and foam by a standardized pro¬ 
cedure developed by the writers. The resulting “standard raw 
crusher juice” was analyzed for juice solids with Brix spindles and 
for apparent sucrose by direct polarization of the undiluted juice 
af + er clarification with dry basic lead acetate (9). Acidity was 
determined by titration of 10 cc of juice, after dilution with distilled 
water, with 0.1 N alkali, using phenolphthalein as indicator. The 
total nitrogen was determined by the Gunning method (2), protein 
nitrogen by precipitation with tannic acid, and analysis of the pre¬ 
cipitate for nitrogen according to the micro-Kjeldahl method of Pregl 
(7). Gums were estimated by acid hydrolysis of the alcohol-insoluble 
precipitate formed by mixing 1 volume of juice with 7 volumes of 
95-percent ethyl alcohol and determination of the liberated reducing 
sugars. The ash was determined by evaporation of a known quantity 
of juice and subsequent ignition of the sirup in an electric muffle at a 
temperature below visible redness. With the exception of chloride, 
which was estimated on a separate portion of juice by a modification 
of Pettinger’s method ( 6 ), the individual mineral constituents of the 
ash were determined by analysis of the ash solution after removal 
of silica. 

In addition to the raw-juice analyses, the juice from the series 
of samples from the two varieties P. O. J. 213 and P. O. J. 36-M was 
given a standardized sugar-houso clarification. The sulpliitution 
process of clarification was employed, with 0.6 g of sulphur dioxide 
per liter of juice, the juice being limed cold to such a degree that the 
clarified juice, after being brought to a boil and settling, had a pH 
of 6.8 to 7.0. Evaporation of the clarified juice to an effect sirup 
density of 55° Brix was conducted in a Pyrex glass vacuum pan. 
These sirups were then analyzed, and thus the corresponding com¬ 
position of the samples at the stage at which they would be used for 
boiling to sugar was obtained. The analyses included the determina¬ 
tion of true purity (by the Clerget method), reducing sugars, ash, 
alcohol precipitate, gums, total nitrogen, and the four asli constituents 
silica, lime, sulphur, and iron. Color and turbidity were estimated 
by means of a Keuffel & Esscr color analyzer. The observed per¬ 
centage transmission at 560/i was calculated to —log t values. 

On October 31, 1932, a second set of samples of P. O. J. 213 plant 
cane was collected from'a different location on the same soil type 
at the field station, and on November 3, samples of Co. 281 plant 
cane were collected from an adjacent plot. These canes differed 
from those collected in 1931 in that they consisted of the lower 10 
joints only. The samples of sound cane showed no evidence of borer 
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or of red rot; the diseased stalks were extensively damaged by the 
borer and every joint showed the characteristic red coloration of the 
red rot fungus. The milling and analytical procedures used on the 
raw juices were the same as in 1931, except that the acidity was 
determined by electrometric titration to pH 7.0. 

These samples were also clarified by a factory method, this time 
lime alone being used to yield a clarified juice of pH 6.8 to 7.0. The 
clarified juice was not boiled to a sirup, but was analyzed for true 
purity, reducing sugars, ash, and turbidity. 

EXPERIMENTAL RESULTS 

TESTS IN 1931 

The data of table 1 fully confirm previous work and show that 
borer infestation alone reduces the soluble solids, sucrose, and appar¬ 
ent purity of crusher juice below- those of comparable sound cane 
and that the juice extraction is decreased as a result of the injury. 
The decreased sucrose and purity values indicate losses of available 
96° sugar, ranging from 7.9 pounds to over 31 pounds per ton of cane. 
These values were calculated by the use of the Winter-Carp formula 
on the assumption of uniform extraction and reduction factors com¬ 
parable to those obtained commercially (#); if the values obtained 
w'ere corrected for the decreased extraction incident to the injury, 
the apparent losses would be greater. When borer damage is accom¬ 
panied by red rot, the observations indicate that still further reduc¬ 
tion in quality of juice may be expected. As further shown in table 1, 
the combination of borer and red rot injury, to the extent shown, 
reduces the solids and purity of the juice to values lower than if borer 
infestation alone were present, except in the case of p. O. J. 36-M. 
The indicated sugar losses ranged from 40.7 to over 71 pounds of 
sugar per ton of cane when not corrected for the extraction differences 
indicated in the table. 


Table 1 . — Effect of borer and red rot injure / on the quantity and quality of crusher 
juice from varieties of sugarcane, I nited States Sugar Plant Field Station, 
Houma, Im., 10,11 


^ arietj 

Inter- Inter- 
nodes 1 nodes 

m- i m- 
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Appar¬ 

ent 

sucrose 

Appar¬ 

ent 

purity 

Indicated 96° 
sugar j»er ton 

1 of cane 

1 

1 

Cane 
for 1 

Crusher 

juice 

Jured 

by 

borer 

jured 

by 

red rot 

Total 

J/OSS 

due to 
injury 

ton of 
sugar 

extrac¬ 

tion 


Percent 

Percent 

Dean <s 

Percent 

Percent 

Pounds 

Pounds 

Tony 

Pcrct nt 

r. o. J .30 m. 

1 0.0 

0.0 

l(i (’Hi 

14.09 

84.67 

191.8 


10.43 

69.3 

{ 24.2 
l 47.,' 

.0 

15.41 

12. 22 

79.30 
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31 6 | 

12.48 

68. 6 


32.5 

13.86 

10 ! 24 

73.88 
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63.4 
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1‘. 0. J. 213. 

1 

0 

16.96 

14.58 

85.97 

200. 1 


10.00 
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33.3 
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15.76 

13.19 

83.69 

178.4 

21. 7 
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The diseased and sound samples of P. 0. J. 213 and P. 0. J. 36-M 
were analyzed further, to determine whether the nonsugars were 
affected by borer and red rot injury. From the data of table 2 it is 
seen that the nonsugars were affected as greatly as was the carbo¬ 
hydrate fraction of the juice. No certain division between the 
changes produced by the borer and that by the fungus can be made 
from the data since no samples were available that were free from 
borer injury yet infected with red rot. 


Table 2. —Composition of nonsugars of crusher juice of sound and of injur* d 1 
sugarcane , expressed as percentage of Brix solids 


Variety and condition of cane 

Total 

mtrogeu 

Protein 

nitrogen 

Non pro¬ 
tein ni¬ 
trogen 

Gums 

Ash 

Potas¬ 
sium as 

k 2 o 

Calcium 
as CaO 

P. 0. J. 213: 

Percent 

Percent 

Percent 

Percait 

Percent 

Percent 

Percent 

Wholly sound.... 

0.165 

0. 074 

0 091 

0.133 

2.093 

1.075 

0.059 

Injured by borer_ _ _ _. 

.192 

.092 
. J31 

. 100 
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1 634 

. 069 

Injured by borer and red rot. 
P. 0. J 36-M: 
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. 186 
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1 
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Cc 

Wholly sound__ 

o. no 

0 028 

0 020 

0 332 

0. 271 

o. no 

1.35 

Injured by borer... 

. no 

. 044 
.174 

. 045 

.334 

.350 

.116 
. 157 

1.55 

Injured by borer and red rot.. 
P. O. J. 36-M: 

.186 

.047 

.494 

. 552 

2.05 



Wholly sound___ 

.140 

.092 

.038 

.392 

. 315 

. 113 

1 50 

Injured by borer--- 

.128 

. 107 

.013 

.454 

.247 

. 127 

1.90 

Injured by borer and red rot.. 

. 158 

.087 

. 032 

. 509 

. 290 

. 156 

2 00 


1 For extent of injury see second and third columns of table 1. 

2 Phenolphthalem titration, cubic centimeters of 0.1 N alkali required to neutrulr/e 10 cc of juice. 


The total nitrogen of P. O. J. 213 increased 16 percent and that of 
P. O. J. 36-M increased 29 percent as a result of borer injury. When 
accompanied by red rot, the total nitrogen of these samples increased 
92 and 73 percent, respectively, above that found for sound cane. 
Although the protein-nitrogen content of the juice is materially in¬ 
creased as a result of the infestations, the proportion of the total 
nitrogen in the protein form appears to bo somewhat decreased, with a 
corresponding increase in the nonprotein fraction. The protein 
nitrogen decreased from 57 percent of the total in the sound P. O. *T. 
36-M to 51 percent in the borer-injured sample and to 49 percent in 
the sample injured by both borer and red rot. The data on the 1931 
samples of P. O. J 213 are less conclusive, the protein nitrogen in¬ 
creasing from 45 percent of the total in sound cane to 48 percent in the 
bored sample, and decreasing to 41 percent in the bored and red rot 
sample. The 1932 data, however, for P. O. J. 213, show a more 
definite decrease in the proportion of protein nitrogen to total nitrogen 
in the juice from damaged cane as compared with that from sound 
cane. 

The acidity of the juice of both varieties was increased by the borer 
and particularly by the combined action of borer and red rot. The 
amount of gums present in the juice was also much increased by the 
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borer and red rot, and, to a lesser extent, by borer damage alone. 
While borer damage alone increased the ash content of the P. O. J. 213 
samples approximately 50 percent, borer damage combined with 
red rot increased the ash content 144 percent in the samples examined. 
Similar but somewhat less marked effects were noted in the case of 
P. O. J. 36-M, where the juice ash was increased 19 percent by borer 
injury alone and 55 percent by borer injury and red rot combined. 
The quantity of each inorganic component present in the juice as 
found in the ash was likewise increased by borer and red rot injury. 

The analyses of the sirups produced from these juices are given in 
table 3. 


Table 3. —Composition of sirups of sound and of diseased 1 cane expressed as 

percentages of true solids 
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.331 

2.33 

T. O. J. 36-M 









Wholly sound... 

1 89 88 

3 00 

2 150 

6 40 

4.30 

.074 

.092 

.76 

Injured by borer... _ 

1 HO 00 

0 08 

2 77G 

7.20 

4 48 

.091 

.114 

.96 

Injured by borer and red rot_ 

! 

1 82 13 

9 13 

3. 045 

8.-4 

5.09 

.129 

.211 

1.17 

i 





Increase 





Silica 

Sulphur 

Iron as 

Col¬ 

in CaO 

Color 

Turbidity 


as Si Os 

as SO 3 

Fe 2 0 3 

as CaO 

clanh 

ber 2 

number 2 






cation 

i 




P 0 . J. 213: 

Percent 

Perce nt 

Percent 

Pt rcent 

Per r ent 




Wholly sound ... 

0 001 

0. 33 4 

0 0012 

0 . 181 

0.122 

88 

88 

Injured by borer... 

. 110 

.410 

.0042 

.191 

. 122 

187 

386 

Injured by borer and red rot_ 

. 121 

.017 

.0050 

.437 

.345 

342 

432 

P. (). J.36-M: 1 









Wholly sound... 

. 07s 

.393 

.0014 

.194 

.122 

56 

49 

Injured by borer. 

! .004 

. 438 

. 0021 

.223 

. 150 

103 

77 


Injured by borer and red rot. 

. 087 

l.. 

.540 

.0032 

.344 

.243 

117 

280 


1 For extont of injury, see second nnd third columns of table 1. 

2 Color and turbidity numbers are UK) times-log t. 'I he larger numbers represent greater color and tur- 
biditj. 


The data show that changes effected by borer and red rot on the 
juice purity, ash, gums, and nitrogen were carried through to the sirup. 
In addition, an increased amount of reducing sugars and of organic 
nonsugars was found in the sirups from injured cane; the color was 
much darker and the turbidity greater. The increased color and 
turbidity are especially objectionable because of their detrimental 
influence on the quality of the sugar. It is to be noted also that the 
increase in lime content due to clarification is greater in the case of 
sirup from the cane having red rot. Tliis unusual increase in soluble 
lime salts cannot bo explained solely on the basis of the higher acidity 
of the juice but may be due to the kind of acids present. 

When the values of the various inorganic substances present in the 
juice are recalculated Ito percentage composition of the ash, as in 
table 4, it is seen that tne composition of the ash is not greatly altered 
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as a result of the infection, even though the total quantity is increased. 
The principal change was an increase in the proportion of potassium 
in the ash and a decrease in most of the other constituents. 


Table 4. —Composition of the ash of crusher juice of sound and of diseased sugarcane 1 


Variety and condition of cane 

Potas¬ 
sium as 

k 2 o 

Cal¬ 
cium as 
CaO 

Mag¬ 
nesium 
as MgO 

Alumi¬ 
num as 
A1 2 0 3 

Iron as 
FeaCh 

Phos¬ 
phorus 
as P 2 Os 

Sul¬ 
phur as 
SOs 

Siliea 
as HiOj 

P. 0. J. 213: 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Wholly .sound. 

51. 30 

2.82 

5.20 

1.34 

0.90 

15. so 

12 95 

5.20 

Injured by borer. 

Injured by borer and red rot. 

P. 0. J. 36-M: 

Wholly sound. 

53.09 

2.24 

3. 67 

1.43 

1.40 j 

10 85 

11 37 

3.77 

59.43 

1.80 

3.04 

3.41 

.92 

9.08 

10 81 

3.08 

45. 27 

3.20 

0.22 

4.09 

1 09 

17 41 

13.99 

5.02 

Injured by borer. 

52.28 

2.73 

4. 79 

4 00 

.49 

10.99 

9.24 

4. 75 

Injured by borer and red rot. 

51.02 

2 89 

4.53 

2.49 

.92 

14 59 

8.31 

4.47 


1 For extent of injury see second and third columns of table 1. 


TESTS IN 1932 

The 1931 results were confirmed by the 1932 tests on sound and on 
diseased cane of the varieties P. O. J. 213 and Co. 281. The samples 
collected in 1932 were intended to represent maximum conditions 
of natural infection in the case of two varieties commercially g$own 
in Louisiana that have different degrees of susceptibility to these 
injuries, P. O. J. 213 being highly susceptible to damage by both 
borer and red rot (f), and Co. 281 being quite resistant to red rot 
although somewhat susceptible to damage in the field by the borer. 
As indicated by the analyses given in table 5, the sample of diseased 
P. O. J. 213 has only 54 percent of the apparent sucrose and G8 percent 
of the solids content of the juice of comparable healthy cane, thus 
indicating a loss of over 117 pounds of 96° sugar per ton of cane. 
The data for Co. 281 show this variety to be less seriously changed in 
composition than P. O. J. 213, even when apparently 100-percent 
infected. The soluble solids and apparent sucrose decrease of 13 
percent and 20 percent, respectively (table 5), indicate a loss of sugar, 
due to the diseased condition of over 45 pounds per ton of cane. 

Table 5. —Effect of borer and red rot injury on the sucrose content of crusher juice 
from two varieties of sugarcane y United States Sugar Plant Field Station . Houma , 
La., 1932 


Variety and condition of cane 

Brix 

Apparent 

Apparent 

Indicated 96° sugar 
per ton of cane 

Cane for 

1 ton of 
sugar 

sucrose 

purity 

Total 

Loss due 
to injury 

P. O. J. 213: 

Sound. 

Degrees 

17.51 

Percent 
15.70 
8. 62 

14.14 

11.30 

Percent 

90.01 

71.24 

82.74 

70.15 

Pounds 
221.3 

Pounds 

Tons 

O 111 

Diseased. 

11.90 

17.09 

117.1 

v. IH 
IO lti 

Co, 281: 

Sound. 

190.0 

A 

jy. iy 

10.53 

Diseased.. 

14.84 

AK (X 


144. 4 

40. O 

13.85 


The nonsugar analyses (table 6), give further evidenco that red rot 
and borer injury have a greater effect on P. 0. J. 213 than on Co. 281. 
The total nitrogen content of the juice from the former increased 
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125 percent as a result of infection, and that of the latter increased 
51 percent. In both varieties the relative proportion of protein and 
nonprotein nitrogen was changed by the infestation, the protein 
nitrogen being 67 percent of the total in the juice of sound P. O. J. 213 
and 55 percent of the total in the juice of the diseased samples and 
69 and 66 percent, respectively, in the sound and diseased Co. 281. 
The ash content of both varieties increased because of the injury, the 
increase being over 200 percent in P. 0. J. 213 and 37 percent in 
Co. 281. Nearly all the mineral constituents of the juice appear to be 
correspondingly increased. Calculation of the ash constituents as 
percentages of the ash (table 7) confirmed the previous data in that 
the potassium content of the juice was increased somewhat more than 
the other components as a result of injury by borer and red rot. 


Table 6. —Composition of the nonsugars of crusher juice of sound and of diseased 
sugarcane , expressed as percentages of Brix solids 


Variety and condition of cane 

Total 

nitrogen 

Protein 

nitrogen 

Nonpro- 

tem 

nitrogen 

Ash 

Potas¬ 
sium as 
K 2 0 

Sodium 
as Na 2 0 

Calcium 
as CaO 

P O.J. 213 

Prrcent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 


0 060 

0 040 

0.020 

1 673 

0.915 

0 033 

0.029 


. 135 

.074 

l 

.061 

5 043 

2.865 

.071 

.070 

Co. 281: 



Sound__ -- __ 

.070 

.048 

.022 

3 191 

1.896 

.044 

.107 

Diseased. __ .. 

.100 

.070 

.036 

j 

4 376 

2.686 

.067 

.106 



Magne¬ 
sium as 
MgO 

Manga¬ 
nese as 
MnO 

Phos¬ 
phorus 
as PjO* 

Sulphur 
as SOj 

Chloride 
as Cl 

Silica as 
Si0 2 

Acidity t 

T. O. J. 213- j 

Pi remt 

Perct nt 

Percent 

Percent 

P 'ent 

Percent 

Cc 

Sound 

0 004 

0 0013 

0.409 

0.091 


0 088 

1.22 

Diseased.! 

Co. 281 

. 121 

.0029 

.991 

.290 i 


.112 

1.74 


Sound.. 

.145 

.0020 

.441 

. 275 

0 141 

.081 

2.32 

Diseased.. .. 

.138 

.0019 

.518 

1 .353 

.251 

.097 

2.42 


1 





1 Electrometric titration to pH 7.0, cubic centimeters of 0.1 N alkali required to neutralize 10 cc of Juice 


Table 7. —Composition of the ash of crusher juice of sound and of diseased sugarcane 


Variety and condition of 
cane 

Potas¬ 

sium 

as 

KjO 

Sodi¬ 
um as 
Na 2 0 

Cal¬ 
cium 
as CaO 

Magne¬ 

sium 

os 

MgO 

Man¬ 

ganese 

as 

MnO 

Phos¬ 

phorus 

as 

p 5 o 5 

Sul¬ 

phur 

as 

SOs 

: 

Chlo¬ 
rine as 
Cl 

Silica 

asSiOs 

P. O. J. 213: 

Percent 

Percent 

Percent 

Percent 

Percent 

Perct nt 

Percent 

Percent j 

Percent 

Sound.. 

54 69 

1.97 

1.73 

3 83 

0 077 

24 45 

5.44 

.! 

5.26 

Diseased. 

Co. 281: 

56.81 

1.41 

1.39 

2 40 

.058 

19.65 

5.75 


2.22 

Sound. 

59.42 

1.38 

3.35 

4.54 

.063 

13 82 

8.62 

4 42 

2.53 

Diseased. 

61.38 

1.53 

2.42 

3.15 

.043 

11.84 

8.07 

‘ 74 1 

2.22 


The analyses of the clarified juices (table 8) reaffirmed the purity 
drop in diseased cane, and, as in the previous tests, showed an in¬ 
crease in the proportion of reducing sugars, ash, and organic nonsugars 
and a poorer degree of clarity given by a standard sugar-house clari¬ 
fication. As in the case of the raw juice, the changes were greater in 
the clarified juice of P. O. J. 213 than in that of Co. 281. 
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Table 8.— Composition of lime-clarified juices from sound and from diseased 
sugar cane , expressed as percentages of true solids 


Variety and condition of cane 

True 

purity 

Reduc¬ 

ing 

sugars 

Ash 

Total 

non¬ 

sugars 

Organic 

non¬ 

sugars 

Tur¬ 
bidity 
number 1 

P. 0. J. 213: 

Percent 

Percent 

Percent 

Percent 

Percent 


Sound. 

93.87 

1.87 

1.70 

4.26 

2.56 

43 

Diseased. 

80.40 

9.06 

4.85 

10.54 

5.69 

59 

Co. 281: 







Sound. 

90.10 

3. 77 

3.00 

6.13 

3.00 

28 

Diseased.j 

85.00 

5.92 

4. 41 

9.18 

4.41 

40 


i The turbidity numbers are 100 times the reciprocal of the Kopke value. The larger numbers represent 
greater turbidity. 

SUMMARY 


The composition of juice from sugarcane damaged by the sugar¬ 
cane borer alone and from cane damaged by both the borer and 
red rot is contrasted with that of juice from sound cane. The com¬ 
parisons show that the value of the cane is materially reduced by the 
borer alone and to a greater extent by the combination of borer and 
red rot injuries. In both cases the following changes occur as a result 
of the injuries. 

There is a decrease in juice extraction and in the percentage of 
solids and sucrose in the juice obtained, and the apparent and the true 
purity are correspondingly lowered. 

The percentages of reducing sugars, ash, gums, alcohol-precipitable 
nonsugars, and total organic nonsugars are significantly increased. 

Both protein and nonprotein nitrogen compounds are increased, 
especially the latter, resulting in a greater increase in the nitrogen 
content of the sirups. 

In the ash, potassium is increased somewhat more than the other 
elements, although all the mineral constituents of the juice are in¬ 
creased. When calculated to percentage of ash, the ratios between the 
different components are but slightly altered. 

The color and the turbidity of the clarified juices and sirups are 
decidedly increased. 

A comparison of four varieties commercially grown in Louisiana 
indicates that, in general, the changes in the chemical composition of 
the juice are greater in the case of the highly susceptible variety 
P. O. J. 213 than in the other varieties tested. 

LITERATURE CITED 

(1) Abbott, E. V. 

1932. seed hots op sugar cane in Louisiana. Internatl. Soc. Sugar 
Cane Technol., 4th Cong. (Puerto Rico), Bull. 48, 2 pp. 

12) Association op Official Agricultural Chemists. 

1925. official and tentative methods of analysis. Ed. 2, 535 pp., 
illus. Washington, D. C. 
y>(3) Edgerton, C. W. 

1911. the red rot of sugar cane a report of progress. La. Agr. 
Expt. Sta. Bull. 133, 22 pp., illus. 
y*(4) Hinds, W. E., Osterberger, B. A., and Dugas, A. L. 

1934. SUGAR cane moth borer control by trichogramma minutum 

RILEY. REPORT ON EXPERIMENTAL WORK FOR 1933. La. Agr. 

Expt. Sta. Bull. 248, 34 pp., illus. 

j (5) Holloway, T. E., Haley, W. E., Loftin, U. C., and Heinrich, C. 

1928. THE SUGAR-CANE MOTH BORER IN THE UNITED STATES. U. S. Dept 
Agr. Tech. Bull. 41, 77 pp., illus. 







jan. i, 1936 Injury of Juice by Sugarcane Borer and Red Rot Disease 25 


(6) Pettinger, N. A. 

1932. EFFECT OF FERTILIZERS ON THE CHLORINE CONTENT OF THE SAP 

of corn plants. Jour. Agr. Research 44: 919-931, illus. 

(7) Pregl, F. 

1924. quantitative organic microanalysis. Transl. from 2d rev. 
and enl. German ed. by E. Fyleman. 190 pp., illus. London. 

(8) Rands, R. D., and Sherwood, S. F. 

1927. yield tests of disease-resistant sugarcanes in LOUISIANA. 
U. S. Dept. Agr. Circ. 418, 20 pp., illus. 

(9) Spencer, G. L., and Meade, G. P. 

1929. a handbook for cane-sugar manufacturers and their 
chemists . . . Ed. 7, rev., rewritten, and enl. by G. P. Meade, 
560 pp., illus. New York and London. 

(10) Went, F. A. F. C. 

1893. het rood snot. Arch. Java-Suikerindus. 1: 265-281, illus. [Re¬ 
printed as Meded. Proefsta. Suikerriet, West-Java, no, 7, 18 
pp-i 




INHERITANCE OF SOME MAJOR COLOR TYPES IN 

BEETS 1 

By Wesley Keller 2 

Formerly agent, Division of Sugar Plant Investigations, Bureau of Plant Industry, 
United States Department of Agriculture 

INTRODUCTION 

The occurrence and distribution of red and yellow pigments in 
beets {Beta vulgaris L.), as has generally been recognized, give rise 
to a large number of heritable color types. But even with such 
possibilities for genetic study, inheritance in beets has received 
comparatively little attention, although plant-breeding efforts spe¬ 
cially concerned with the sugar content of beets had been in progress 
for almost a century before the rediscovery of Mendel’s principles. 

This lack of genetic advancement may in part be attributed to 
certain characteristics of the beet. Owing to its strong tendency 
toward self-sterility, populations large enough for study are not 
readily obtained by inbreeding.' 1 When a cross is desired there is 
usually some selfing. Because of the small size of the beet flower, 
extensive emasculation is impracticable. Another important reason 
for the lack of genetic advancement with beets is that many of the 
important beet characters are readily modified by changes in environ¬ 
mental conditions. In this respect color is no exception. In these 
studies it was found that the development of both red and yellow 
root pigments is greatly influenced by the physiological condition of 
the plant, and under some conditions the effect upon the yellow 
pigment has been such as to cause serious difficulty in classifying 
certain genetic phenotypes. A more comprehensive knowledge of 
the physiological conditions which cause these variations and the 
discovery of clear-cut genetic characters that can be identified under 
all conditions will constitute important advances in breeding work 
with beets. 

Kajanus 4 made numerous crosses, w T hich were carried several 
generations, with beets of the mangel-wurzel type, chiefly of the 
Eckendorfer anil Barres varieties. His data did not lead to a satis¬ 
factory genetic analysis because of a persistent and high percentage 
of contamination, perhaps the result of his use of cloth tents as 
plant isolators. He was able to present a factorial arrangement, 
partly hypothetical, by considering large discrepancies to be the effect 
of contamination. This arrangement assumed a yellow root to be 
the effect of a dominant factor for yellow, designated G (from Gelb), 
and a red root to be the effect of a dominant factor for red, R, in 

1 Received for publication Oct. 2,1935, issued February 1936 Cooperative studies by the U. S. Depart¬ 
ment of Agriculture and the Utah Agricultural Experiment Statien. 

1 The writer acknowledges many helpful suggestions In the preparation of the manuscript from F. V. 
Owen, geneticist, and other member* of the Division of 8ugar Plant Investigations, as well as from George 
Stewart, senior forest ecologist, Intermountain Forest and Range Experiment Station, Forest Service, U.S. 
Department of Agriculture. 

1 Fully selMerUe strains are now well known to investigators in the Division of 8ugar Plant Investlgft 
tions, but they were not utilized in the study reported in this paper. 

4 Kajanus, B. CberdiefaRBENVariation dkrbeta-rOben. Ztschr. Pflan7en7iieht 5*f357]-372. 1917. 
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combination with the factor for yellow. A beet of the phenotype Rg 
had a white root, but true whites were of the genotype rrgg. He 
considered these two factors to be independently inherited. 

Lindhard and Iversen 5 repeated the work of Kajanus and reached 
similar conclusions. They believed that some of their data suggested 
a loose linkage between the Rr and Gg factor pairs, but this was not 
consistent with other related data. Rasmuson 6 reported the result 
of a cross of red beet with a white beet; the color under consideration 
was presumably confined to the epidermis of the root. Rasmuson 
thought his data conformed to Kajanus’ scheme. Vilmorin 7 studied 
numerous progenies of “accidental” crosses and reported that the 
ratios obtained were in general agreement with the findings of Lind¬ 
hard and Iversen. 

The present paper deals with nine color types, obtained from 
crosses between sugar beets and red beets, and the genetic factors 
responsible for their inheritance. Crosses were obtained by exposing 
the mother plant to pollen from the selected male parent. This has 
been effectively accomplished in two ways: (1) By distance isolation 
and (2) by the use of paper bags. According to the first method 
plants were usually grown in nail kegs, and shortly before the flowers 
opened the paired parent plants were moved to some place at least 
200 to 300 yards from the nearest flowering beets. When paper 
bags were used small branches were bagged shortly before the earliest 
flowers opened, and a few days later, when about half the flowers 
had opened and shed their pollen, each bag with its contents was 
exchanged for a similar bag on the reciprocal parent. 

All of the crosses reported in the section on factors R and Y were 
made by distance isolation, while most of the crosses in the section 
on the factors R‘ and Y r were made under paper bags. A small 
amount of contamination may have occurred with either method, but 
this should *not be more serious than in the case of maize or any 
other cross-pollinated plant. 

Both distance isolation and the use of paper bags provide efficient 
methods of obtaining crosses, but offer no protection against a small 
percentage of selfing which commonly occurs in beets. It is, of 
course, important that the breeder be able to recognize those indi¬ 
viduals resulting from selfing, and where the parental phenotypes are 
otherwise similar a color character is frequently extremely useful in 
distinguishing parentage. If, however, the phenotype of the female 
parent is expected in tho progeny, specific individuals resulting from 
selfing could not be detected, but the effect of selfing on the popula¬ 
tion might be recognized by an excessive number of plants in the 
particular class whose phenotype is also that of tho female parent. 
In the work reported here, the effect of self-fertility has not been 
entirely avoided, but through the use of simple methods it is believed 
that pollination has been controlled well enough to permit effective 
interpretation of the genetic behavior. 

# Lindjiard, E., and Iversen, K. vererbung von roten und gelben farbknmerkmalen bei 
beta-rOben. Ztschr. Pflanzenzticht. 7: 1-18. 1919. 

• Rasmuson, H. zur frage von der entstehungsweise der roten zuckerrOben. Bot. Notiser 
1919:169-180, illus. 1919. 

* Vilmorin, J. L. de. L'HfcRfcDiTf: chez la betterave cultiv£e. 153 pp. f illus. Paris. 1923. 
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DESCRIPTION OF COLOR TYPES 

At least three color types (red, yellow, and white root) were noted 
in the literature reviewed, but because of a lack of adequate descrip¬ 
tion of the plants studied it is impossible to establish an accurate 
relationship between these color types and those which form the 
basis of the present paper. This paper includes nine color types, 
which for the purpose of description are divided into two groups: 
(1) Those containing red pigment and (2) those lacking red pigment. 

TYPES CONTAINING RED PIGMENT 

(I) Red-hypocotyl white root (Ry ).—The hypocotyl of the seedlings of this type 
is rose or pale red. The color shows also at the bases of stems and petioles, the 
intensity depending upon environmental conditions and the stage and rapidity 
of growth. Genetic modifying factors also may be responsible for different 
shades and intensities of pigments observed or there may be an allelomorphic 
series of color factors, each factor having a slightly different expression. Some¬ 
times the pigment is not readily seen in a large vegetative beet, and this may 
account for some of the confusion in the literature. By cutting down to the 
central bud, however, as has been pointed out by Nuckois,* the pigment can be 
detected easily. This color character is a specific marker that is expressed at 
all times, although under certain conditions during the formation of the seedstalk 
only traces of the pigment remain. Sometimes the pigment also gives part of the 
skin on the shoulders of the root a tinge of red. 

(II) Red beet (RY). —In the cotyledon or seedling stage, the hypocotyl of beets 
belonging to the red beet type is of an intensely dark or purplish-red color. In 
the growing and in the mature plant the petiole color may range from a dark 
purplish red to an orange-red, or it may be red in the middle and orange at the 
margins. In the leaves the pigment is most concentrated in the midrib and prin¬ 
cipal veins, 9 but under certain favorable conditions the entire leaf may be dark 
red. The epidermis of the root is dark red, and the flesh of the root is pre¬ 
dominantly red. 

(III) Pale red beet { RY± ?).—The color in this type extends into every part of 
the plant characterized by red color in type II, but w itli greatly reduced intensity. 

(IV) Striped red beet ( R l Y r ).—The root and flesh color is intermediate in 
intensity between types II and III. The color of the petioles is a dark or purplish 
red similar to that of type II, but it is confined chiefly to stripes. On the upper 
surface of the petiole the color is usually confined to one broad stripe, but on the 
underside there are several narrow stripes of red. Orange has never been found 
on petioles of this type. Only rarely does the red pigment extend into the leaf 
veins. When it does so, it is extremely dilute. 

(V) Green top red root (R Y r ) .—The roots of this type vary in color from medium 
to bright red and cannot be distinguished from the roots of type IV, while in the 
tops the pigment is generally as restricted as in those of type I. In mature 
plants there is an abrupt change from the presence of red to its absence or only a 
trace, at the intersection of crown and petioles. Only one beet of this descrip¬ 
tion was found in 1932, and it became the progenitor of all the beets with green 
tops and red roots discussed in this paper. The type has probably been observed 
by earlier workers, but, so far as the writer is aw are, there has been no previous 
description. 

(VI) Red top white roof (Rhj). —Roots of this type are similar to those of type I. 
They generally show a trace of rose on the shoulders, but under mostconditions 
they arc white. The tops are striped w ith red and cannot be distinguished from 
those of type IV. In mature plants there is an abrupt change from the presence 
of intense red to its absence or to a rose tinge, at the intersection of crown and 
petioles. 

TYPES LACKING RED PIGMENT 

(VII) Yellow hypocotyl white root (ry). —In the cotyledon and seedling stages, 
beets nf this type have a w hitish-green hypocotyl. Upon exposure to sunlight, 

8 Nuckols, S. B. seedling color and yield of sugar beets. Jour. Amer. Soc. Agron. 23: 740-743. 
1931. 

8 The concentration of pigment in the veins is particularly interesting in comparison with a color type 
which F. R. Immer obtained from Germany. In the latter type the expression is just opposite, i. e., the 
pigment in the leaf blades is most concentrated away from the veins. 
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considerable yellow pigment may develop, however. The bases of the leaves 
sometimes show a trace of yellow, depending upon environment !al cm nditiions, 
stage of growth, etc. This type corresponds to tvpe I, except that here the pig¬ 
ment is yellow instead of red, and therefore is usually not so conspicuous. 

(VIII) Green top yellow root ( rY r ).—The petioles and leaves of this type are 
similar in color to those of type VII, but the epidermis of the root and sometimes 
part of the flesh and vascular rings are a lemon yellow. 

(IX) Yellow beet (r Y ).—The yellow pigment in this type is distributed through¬ 
out the plant as is the red pigment in type II. The petioles are usually a distinct 
yellow. The color may be confined to the petioles of young leaves or it may 
extend into the veins of e\ erv green leaf on the plant. When strongly displayed 
this petiole coloration is a clear golden yellow. The epidermis of the root is 
lemon yellow except on the shoulders, where in some plants it blends into orange. 
When the orange is absent the lemon-yellow root color is similar to that of type 
VIII but is usually more intense. Under some conditions it is impossible to dis¬ 
tinguish the roots of this type from those of type VIII. 


METHOD OP DISTINGUISHING THE YELLOWS OF TYPES VII, VIII, AND IX 

In the greenhouse, high temperature and possibly other conditions 
favorable to rapid growth are so unfavorable for the expression of 
yellow color as to make it impossible to identify the different types 
that lack red pigment. Observations made by F. V. Owen have 
shown that there is a remarkable development of all pigments in the 
root if young plants grown under greenhouse conditions are pulled 
and laid in sunlight on damp soil for a few days. Following this 
exposure to sunlight the presence or absence of factors for yellow 
pigment can usually be determined. Before the plants were subjected 
to this treatment, it was particularly difficult to distinguish between 
the white roots of type VII and the yellow roots of type VIII. Under 
field conditions, the lemon-vellow color of type Vlll is clear-cut and 
can be easily identified. 


THE FACTORS R AND Y IN THE RED GARDEN BEET 


MATERIAL 


A beet with a red hypocotyl and a white root, of genetic constitution 
Ryry, was crossed with a red beet of genetic constitution RYRY . 
The cross was made in 1930 by growing the two parent beets side by 
side in a city garden, where, so far as could be ascertained, they were 
isolated from other flowering beets by a distance of at least 300 yards. 
The red-hypocotyl white-root parent (tpye 1) was selected from the 
P-19 strain 10 (a curly-top resistant strain of sugar beet), and the 
red beet parent (type II) was a table beet of the Detroit Dark Red 
variety, a commercial variety characterized by a maximum develop¬ 
ment of intense red pigment. From this cross, approximately 30 
plants were grown from seed harvested from the red-hypocotyl white- 
root parent (Ryry). These F! plants were forced to seed under lights 
in the greenhouse and allowed to cross with each other at random. 
In 1931 a large population of both the F! and F 2 was grown in the field. 

If crossing had been complete, all offspring in the Fi planting would 
be expected to resemble the dominant red beet parent. This did not 
prove to be the case, however, and some self-fertilization must have 
taken place since a few plants with white roots were represented in 
the progeny. Furthermore, these white-root selfed plants were of 
two types, the red hypocotyl (Ry) and the yellow hypocotyl (ry), 


Qr!12Ki a Ja?!L by o the TT j ah A nricultural Experiment Station from Katherine Esau, formerly with the 
Spreckels Sn^ar Co., and now a member of the staff of the University of California, bavls, Calif. 
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which demonstrated that the white-root parent (P-19) was heterozy¬ 
gous for hypocotyl color, and hence of genetic constitution Ryry. 

Since the composite F 2 obtained could not yield a satisfactory fac¬ 
torial analysis (because of the mixed population of genotypes RYRy 
and RYry in the F,) several Fi plants were backcrossed to the double 
recessive yellow-hypocotyl white-root type {ryry). These crosses, 
together with further evidence from additional combinations, provided 
ample proof of the presence of two factors, namely, Y for the extension 
of pigment and R for the conversion of yellow to red pigment, which 
is in line with the results of earlier investigators. 

Fi BACKCROSSES 

The first generation genotypes RYry and RYRy were both back- 
crossed to the double recessive ryry. Backcrosses of the first group 
(RYry) to the yellow-hypocotyl white-root type (ryry) gave four 
phenotypes, RY, Ry, rY, ry, with a close linkage between R and Y. 
The data suggest approximately 7.5 percent crossing over. These 
backcrosses are summarized in table 1, crosses 1 and 2. In each of 
these crosses several progenies were combined to simplify the pres¬ 
entation. Each progeny had previously been found to be in satis¬ 
factory agreement with expectation. 11 The results of these back- 
crosses are taken as confirming the genetic interpretation given, large 
deviations from the expected numbers usually being attributed to 
selfing. Throughout the paper this effect of selfing will be seen 
operative in accentuating the percentage crossing over or in reducing 
the value of P when the x 2 test was used. The interpretations as 
given have been based upon reasonably consistent behavior of many 
progenies and are believed to warrant the factorial explanations 
given. 

Table 1. —Linkage between the Rr and Yy factor pairs 


Cross no. 


1 ... 
2 ... 

3.. . 

4.. . 

iC. 

i .. 

8 _ 

9 _ 

10 .. 
11 . _ 

12... 


Cros^ 

Total 
uuml>er 
of plants 

Number of plants of indicated pheno- 
type 

Percent¬ 
age cross¬ 
over 

P. E. 

Red beet 
(type II 
or III) i 

RY 

Red hy¬ 
pocotyl 
white 
root 
(tyj>e I) 

RV 

Yellow 

beet 

(type IX) 

rl’ 

Yellow 

hypocotyl 

white 

root 

ay f 

ry 

RYryXryry . 

484 

242 

19 

18 

205 

7.6i0.81 

Reciprocal. 

443 

202 

20 

14 

207 

7.7dt .85 

RYryXryry . 

111 

58 

3 

2 

48 

4. 5-fcl. 33 

Reciprocal.. 

654 

282 

14 

14 

344 

‘ 3* .53 

RYryXryry. 

102 

51 

o 

3 

46 

4.Oil. 44 

Reciprocal.. 

353 

172 

12 

6 

163" 

5.li . 79 

RYryXRYry . ... 

67 

48 

% 4 

1 

14 

6.3i2.08 

Reciprocal. 

311 

216 

10 

12 

73 

7.1il.03 

RyrYXryry . 

63 

4 

27 

29 

3 

ll.ldb2.68 

Reciprocal. 

41 

2 

20 

12 

7 

22.0±4.36 

RyrYXryry . 

101 

4 

50 

4o 

2 

5. Oil. 58 

Reciprocal. 

85 

2 

30 

36 

17 

22.4i3.05 


1 Type III In crosses 9 to 12. 


11 Probable errors were calculated by the aid of tables prepared by limner. 1 * In some cases the x 1 test 
was most convenient. 

ll lMMER, F. E. FORMULAE AND TABLES FOR CALCULATING LINEAGE INTENSITIES. OenetlCS 15:81-98. 
UlUS. 1930. 
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In backcrosses of the second group (RYRy X ryry), two phenotypes 
(BY and Ry) were expected in about equal numbers. The actual 
ratio was 341 to 284, with P (from x 2 ) falling between 0.02 and 0.05; 
the excess of red plants, however, suggests that there was some self¬ 
fertility in the female parent. The reciprocal gave 202 RY to 168 Ry, 
with P falling between 0.05 and 0.10. This progeny also contained 
24 plants of the yellow-hypocotyl white-root type (ryry), but these 
were without doubt the result of selling. The figures presented above 
for the backcrosses of RYRy to ryry and the reciprocals are also the 
sums of several progenies. For the individual progenies, the lowest 
value for P was between 0.05 and 0.10 and the highest was between 
0.8 and 0.9. 

Fi BACKCROSS AND F 3 POPULATIONS 

Except that the linkage seems to be slightly closer, the F a backcross 
and F 3 populations are similar to the F x backcross populations 
(crosses 1 and 2) and help to corroborate the genetic interpretation. 
These data are presented in table 1, crosses 3 to 8, inclusive. In at 
least one population (cross 4) the closeness of the apparent linkage 
was accentuated by self-fertility in the yellow-hypocotyl white-root 
parent (ryry). 

Additional interest centered in these progenies because in eac^group 
one of the red parents showed distinct orange margins on the petioles, 
while the other red parent had intense red petioles with no evidence of 
orange. A genetic interpretation for orange margins, as contrasted 
with lack of orange (both are of color type II), was not obtained 
because none of the segregates showed a distinct orange, although a 
few showed a trace. Since the plants were grown in a dense stand, 
it is possible that orange color requires a particular environment, 
failing to develop except when the plants are exposed to intense sun¬ 
shine and there is adequate spacing between plants. 

The yellow beet rY (type IX) was shown to be produced as a simple 
dominant to the double recessive in a backcross of a heterozygous 
yellow beef (rYry) to the yellow-hypocotyl white-root type (ryry). 
The expected ratio was 1 yellow beet to 1 yellow hypocotyl white root, 
and the observed numbers were 231 to 253, with 1 J falling at 0.3. 

THE PALE RED BEET 

The Fi population grown in 1931 included one unusual plant which 
was a pale-colored red beet. This plant proved to be self-sterile, but 
when it was backcrossed to the yellow-hypocotyl white-root type 
(ryry) a total progeny of 290 individuals was obtained. The data 
are presented in table 1, crosses 9 to 12, inclusive. 

Although the linkage could not be accurately measured, chiefly 
because of self-fertility in the recessive female parents, the ratios 
(though not the color) were satisfactorily explained by assuming the 
pale red beet (type III) to be of the genotype RyrY . This repulsion 
arrangement is particularly significant because ail of the other doubly 
heterozygous F x plants were of the coupling type ( RYry ). However, 
half of the gametes produced by the sugar beet parent (Ryry) were of 
the Ry type, and consequently both the repulsion arrangement and 
the dilute color of the pale red beet could be obtained by the intro¬ 
duction of a gamete of the rY d type, Y d being a dilute allelomorph of Y. 
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There is not sufficient evidence available at present, however, to 
propose such a factor; consequently, the well-known factor Y will be 
used, it being understood that the correct genotype of the pale red 
beet has not been determined. 

The pale red beet was most likely the result of contamination, but 
there are other explanations based upon genetic behavior which cannot 
be entirely disregarded. 

RECOVERY OF THE PARENTAL TYPES 

The parental types RY (red beet) and ry (yellow hypocotyl white 
root) have been recovered by crossing the heterozygous recombination 
types, red hypocotyl white root (. Ryry) X yellow beet ( rYry ). Such a 
cross constitutes a critical test of the dependability of the genetic 
interpretation used to explain the color relations observed. The 
expected ratio 1:1:1:1 is approached by the observed ratios, as shown 
in table 2. The population obtained from the red-hypocotyl white- 
root plant as female parent suggests that considerable self-fertilization 
occurred. 


Table 2.- .1 heterozygous yellow heel (rYry) X a heterozygous red hypocotyl v'hite 
root (Ryry), and the reciprocal (Ryry X rYry) 




Number of plants of indicated phenotype , 


Cross 

Total num¬ 
ber of 

Red beet 

Red hypo¬ 
cotyl white 

Yellow beet 

Yellow 

hypocotyl 

P from x* 
test 


plants 

(type II) 

root (type 

(type IX) 

white root 




I) 


(type VII) 




RY 

Ry 

rY 

ry 


rYryXRyry .._. i 

* 200 

53 

38 

50 

59 

0.2 

Kccipiocal.. 

•339 

65 

• 117 

62 

95 

<.01 


4 Calculated number of plants of each type, 50. 

1 Calculated number of plants of each tyi>e, 84.75. 

3 The excess in this class shows distinct evidence of self-fertility. 


THE FACTORS R' FOR RED TOP AND Y r FOR ROOT COLOR ’ s 

MATERIAL 

The remaining portion of this paper deals with color types obtained 
from a red beet (origin unknown), the genetic interpretation of which 
is entirely different from that previously given. The red beet was 
not observed during its vegetative stage, and consequently its char¬ 
acteristics are known only from the red beet segregates in its progeny. 
These plants were not so intensely pigmented as the Detroi Dark 
Red variety, and the petiole pigmentation was confined to a broad 
stripe which usually did not extend into the midrib or veins of the 
leaf. These plants were of the type designated as striped red beet 
(type IV). 

The white-root beet originally crossed with the striped red beet 
was a selection from a Russian sugar beet strain known as F29-01. 
These parent plants were isolated in 1930 by George Stevrart, for- 
merly agro nomist at ttie Utah Agricultural Experiment Station. 14 

" of the progenies reported in this section were grown by F. V. Owen. 

I)r. Stewart left the Utah station in the fall of 1930, turning this material over to the writer, who had 
been working under his supervision. 

49563 — -3 ft . . Q 
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The cross of striped red beet X red hvpocotyl white root yielded 
only about a dozen seeds, which were all from the striped red beet 
parent. A few Fi plants were grown in the greenhouse during the 
winter of 1930-31, and the stecklings obtained were isolated in one 
group in the field in 1931. The remaining seeds produced a few Fi 
plants which were growm in the field the same year. In 1932, when 
an F 2 population was grown to maturity, a most interesting segrega¬ 
tion occurred. Three types not previously encountered were found, 
each requiring a modification of the RY explanation previously 
employed. These types are (1) red top white root (type VI), as¬ 
sumed to be due to a single factor R l \ (2) green top yellow root (type 
VIII), assumed to be due to a single factor Y T ; and (3) green top red 
root (type V), assumed to be due to a combination of R (factor for 
red hvpocotyl) plus Y T (factor for root color). It is interesting that 
the striped red beet should have resulted from the combination of 
R l (red top) and Y T (root color). 

Fi BACKCROSSES {R'Y'ry X ryry) 

From the original cross of striped red beet X red hypocotyl white 
root, one Fi plant of genetic constitution R l Y r ry was clonallv propa¬ 
gated, two pieces of which matured seeds in baekcrosses to beets of 
the vellow-hypocotyl white-root type {ryry). When the progenies 
from these crosses were grown, segregates included plants of the 
green-top yellow-root type ( rY T ) and the red-top white-root type 
(R l y). The data from these crosses are presented in table 3. They 
show a close linkage between R l and Y r , with approximately 7.5 per¬ 
cent crossing over. The linkage is similar to that between Rr and Yy , 
which has already been discussed. 

Table 3. — Striped red beet {R l Y r ry ) X the double recessive {ryry), and the reciprocals 
{ryry X Y r ry) 




Number of plants of indie it ed i 





phenol} po 

1 

1 


Cross 

Tot il 
number 
of 

plants 

red beet 
(type 
IV) 

Rod top 
white 
root 

( VT 

Green 

top 

jellow 

root 

(lyr>e 

VIII) 

Yellow 
h}ix>- 
cot> 1 
wdnto 
root 
(type 
VII) 

Percent¬ 
age 
cross¬ 
over 
±Y h 



R'Y' 

R'y 

r>>* 

ry 


ryry X R'Y'ry ... 

2«) 

97 

u 

5 

114 

8 4±1 21 

Reciprocal. 1 

«J1 

\\:> 

7 

12 

137 

fi S± 91 

ryry X WYry . 

Reciprocal. 


89 

9 

8 

* m 

fi (H) 

2<>r> 

m 

12 

11 

109 

8 7±1 17 


1 The factor Y* could possibly be synonymous with Kajanus' G. 

2 The excess number of plants suggests that the female parent was rather self-fertllo 


CROSSES WITH THE GREEN-TOP YELLOW-ROOT TYPE (rY'ry) 

The genetic constitution of the green-top yellow-root type ( rY T ) has 
been demonstrated in the progeny of crosses between it and four 
other color types. The data are presented in table 4. The various 
crosses are as follows: 

(1) Green toy yellow root (r Y r ry) X yellow hypocotyl white root {ryry ).—The 
expected ratio in this cross is 1 green top yellow root ( rY r ) to 1 yellow hypocotyl 
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white root {ry ), which is in close agreement with the observed ratio, P falling 
between 0.8 and 0.9 (table 4, cross 1). 

(2) Green top yellow root (rY T ry ) X red top white root ( R l yry ).—In this 
cross the recombination types from the Fj backcross populations are reunited 
and the parental types are recovered (table 4, crosses 2 and 3). The first popu¬ 
lation contains an excess number of plants of the green-top yellow-root type, 
suggesting some self-fertility in the female parent. 

Table 4. — Crosses with the green-top yellow-root type ( rY r ry ) 


Number of plants of indicated phenotype 


C ross no. 


C ross 


rY'ryXryry.. 
rY'ryXR'yry. 
Reciprocal... 
TY'rvXrYry 
Reciprocal. . 
Iiyri/^r Y r ry 


Total 
num¬ 
ber of 
plants 


* 92 
> 51 
3 H4 

* ,U 

* 7(* 
«i;>i 


Striped 

red 

beet 

(type 

IV) 

R'Y' 

Red 

top 

white 

root 

vT 

R'y 

Red 

hypo- 

cotyl 

white 

root 

(type 

I) 

Ry 

Green 

top 

red 

root 

(type 

V) 

RY' 

Yellow 

beet 

‘SB* 

rY 

Green 

top 

yellow 

root 

(type 

VIII) 

rYr 

Yellow 

hypo- 

cotyl 

white 

root 

(type 

VII) 

ry 

Pfrom 

X * test 

. 



r i 


47 

45 

0.8(H). 90 

14 

7 




21 

12 

.02- . 05 

17 



. 


24 

22 

.70- .80 





15 

8 

10 

.70- .80 



.i 


32 

24 

20 

.30- .50 

- 


38 ! 

36 

- 

45 

35 

.50- .70 


1 Calculated number of plants in oaeb of the 2 types, 4fi. 

(Calculated number of plants in each of the 4 tyi»es, 13.5. 

1 Calculated number of plants in each of the 4 types. 21. 

4 Calculated number of plants in the 3 types, lfi r >, 8 25, and 8 23, respectively. 
« Calculated number of plants in the 3 type*. 3s, pi, and 19, respectively. 

0 Calculated number of plants in each of the 4 t \ pes, 38 30. 


(3) Green top yellow root (rY r ry) X yellow beet (rYry ).—The expected ratio in 
this cross is 2 yellow beet (rY) to 1 green top yellow root (rY to 1 yellow hvpo- 
cotyl white root (ry), and the expected ratios are in good agreement with those 
observed (table 4, crosses 4 and 5;. 

(4) Red hypoeotyl white root (Ryry) X green top yellow root ( rY r ry ).—The 
pr* *geny from this cross should segregate in the ratio of 1 red hypoeotyl white 
loot (Ry) to 1 green top yellow root (rF r ) to 1 green top red root ( RY r ) to 1 
yellow hypoeotyl white root (ry). The actual segregation observed agrees very 
well with the theoretical ratio, P being between 0.5 and 0.7 (table 4, cross 6). 

The data (table 4) apparently warrant the conclusion that the green- 
top yellow-root type ( rY r ) is due to a single factor Y T , which is 
dominant over the yellow-hypocotyl white-root type {ryry). 

CROSSES WITH THE RED-TOP WHITE-ROOT TYPE (R'yry) 

The red-top character was found to be dependent upon a single 
factor Off 1 ). In backcrosses to the double recessive {ryry) a ratio 
of 1 red top white root {R'y) to 1 yellow hypoeotyl white root {ry) 
is expected. One progeny gave a ratio of 91 to 86, with P r at 0.7; 
another gave 24 to 26, with P between 0.7 and 0.8; and a third gave 
59 to 23, but the reciprocal of this cross {ryry X R l yry) gave 15 to 10, 
with P at 0.3. The ratio of 59 to 23 was probably due to self-fertility, 
since the mother plant in the last cross was found to be rather self- 
fertile; upon selling, it produced a progeny of 42 individuals in the 
ratio o? 2 R'y to 1 ry. The theoretical ratio for a single factor is 
3 to 1, but the total number was small and the agreement proved to 
be satisfactory, P falling between 0.2 and 0.3. 
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Another cross, that of red top white root {R*y) X green top yellow 
root ( rY T ), and the reciprocal also support the single factor (R ) con¬ 
cept. This cross has already been discussed and the data presented 
in table 4, crosses 2 and 3. 

CROSSES WITH THE GREEN-TOP RED-ROOT TYPE (RyrY') 

Two factors, R (red hypocotyl) and Y r (yellow root) in combination, 
produce the green-top red-root type ( RY T ). This was demonstrated 
m the cross of red hypocotyl white root (Ry) X green top yellow root 
(rY T ) which has already been discussed (table 4, cross 6). Three 
additional crosses are presented in table 5 in further support of this 
arrangement. A single plant of the green-top red-root type ( RY r ) 
was used as the female parent in all three crosses. This plant was 
found to be of the genotype RyrY T . The linkage between Rr and 
Y T y appears to be similar to that between Rr and Yy, and conse¬ 
quently the calculated populations are based on a gametic ratio of 
1 to 12. This linkage relationship also suggests that the factors for 
red and yellow, respectively, form two multiple allelomorphic series. 
Crosses with the green-top red-root type were made as follows: 

(1) Green top red root ( RyrY r X yelloiv hypocotyl white root (ryry) —The data 
from this cross are presented m table 5, cross 1. These data constitute conclusive 
evidence of close linkage in the repulsion phase. Three other similar crosBFs were 
studied, but in the progeny of each some striped red beets appeared. There is 
good reason to believe that these latter crosses were contaminated, probably 
because of a mistake in harvesting or in labeling the paper bags 


Table 5. —Crosses with the grecn-top red-root type ( RyrY r ), with calculated popula¬ 
tions based on a gametic ratio of 1 to 12 


Cross no. 

Cross 

Total number of plants 

Number of plants in indie ited phenot>j>e 

Per¬ 
centage 
cross¬ 
over 
± P E. 

Red 

beet 

( T 

KY 

Striped 
red 
beet 
(type 

R*Y r 

Red 

top 

white 

root 

( W 

R l y 

Red 
hypo¬ 
cotyl 
white 
root 
(type I) 

Ry 

Green 

top 

rod 

root 

<ty r 

RY' 

Green 
top ! 
jellow 
root 
(t>pe 
VU) 

tY' 

Yellow 
h> po- 
cotyl 
white 
root 

ry 

*8 

u* 

I, 

©! 

-3 

® 

3 

u 

& 

£> 

O 

T5 

Is 

3 

o 

*05 

o 

o 

> 

£ 

o 

T5 

3 

'eo 

u 

1 

9 

X) 

O 

-o 

<x> 

£ 

3 

o 

72 

y 

* 

|° 

"O 

<b 

ce 

3 

V 

& 

Urn 

V 

x 1 
O J 

1 

3 

CJ 

U 

1 

% 

"3 

U 

1 

RyrY'Xryry .. 

682 







.115 


23 


307 


37 

1 


8 8 t0 71 

2 

RyrY'XR'yry... 

88 



16 

22 

28 

22 

18 

20 U 

5 

1 69 

20 

20 31 

l 69 


3 

RyrY'XrYry . 

97 

28 

24 25 


- 


- 

28 

22 38 

1 

1 87 

*30 

16 63 

1 1 

1 87 



1 Plants of the yellow beet type (rY) are included because of difficulties m classification, as explained in 
the text. 

* May include some of type r>> 

(2) Green top red root ( RyrY r ) X red top white root (R l yry ).—The progeny from 
this cross segregated into six phenotypes, with P falling between 0.02 and 0.05, 
but by assuming a slight amount of self-fertilization a satisfactory fit is obtained 
(table 5, cross 2). 

(3) Green top red root (RyrY r ) X yellow beet (rYry ).—The data obtained from 
this cross are presented in table 5, cross 3. The agreement between the observed 
and expected populations is satisfactory, P falling between 0.05 and 0.1. This 
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population was harvested before a means of intensifying the pigment by exposure 
to sunlight was known; consequently, the two yellow classes are not separated. 
For the same reason, it is quite possible that some of the plants in the ry class 
should be in the yellow class, which would tend to improve the agreement between 
the observed and expected populations. 

DISCUSSION 

This paper reports a study of the inheritance of the major factors 
for red and yellow pigment in beets. The nine color types obtained 
from the progeny of two crosses are shown in table 6. 

Table 6. —Color types obtained from the progeny of two crosses 


Type no. 

Type name 

Pheno¬ 

type 

Type no. 

Type name 

Pheno¬ 

type 

I _ 

Red hypocotyl white root.. 
Red beet ... 

Ry 

VI_ 

Red top white root_ 

R l y 

r V 

t rYr 

11 

RY 

VII . 

Yellow hypocotyl white root. 
Green top yellow root_| 

III 

Pale red beet... 

i RY 

VIII 

IV 

Striped red beet_ __ . 

R 1 Y' 

IX.. . 

Yellow beet..., 

rY 

V.... 

Green top red root _ 

RYr 

1 


i 


i The writer was unable to determine the nature of the “additional influence’' necessary to explain the 
lipht color of this type in contrast to the dark-red color of type II. 


The investigations reported herein included a study of the progeny 
of a sugar beet with a red hypocotyl and a white root X Detroit 
Dark Red (an intensely red commercial variety of table beet). In 
this cross a close linkage with approximately 7.5 percent crossing over 
is noted between a factor for red hypocotyl ( R ) and a factor for 
yellow (F). These two factors in combination (R plus F) give rise 
to a red beet of the Detroit Dark Red type, and the absence of both 
R and Y gives the double recessive yellow-hypocotyl white-root type 
(r plus y). 

This paper deals also with the progeny of a striped red beet (origin 
unknown) X a red-liypocotyl sugar beet having a white root. Segre¬ 
gation in the F 2 of this cross gave several plants with red tops and 
white roots, others with green tops and yellow roots, and one plant 
with a green top and a red root. Most of the data were satisfactorily 
explained by assuming the red-top white-root type to be due to a 
single factor ( R l ), the green-top yellow-root type to be due to a single 
factor (P), the striped red beet to be due to a combination of R l and 
P, and the green-top red-root type to be due to a combination of 
R and P. 

The linkage relation between R l and P is similar to that between 
R and F, and it is thought that the factors for red pigment, R and R l 
(plus the recessive r), form one allelomorphic series and the factors for 
yellow pigment, F, F r , and y another series. Additional proof for 
this relationship is desirable, however, since data are not available on 
the linkage relationship between R l and F. 

It is of special interest to note that R (factor for red hypocotyl), 
which is necessary for the expression of red color in the Detroit Dark 
Red variety, is widely distributed in commercial sugar-beet varieties. 
Therefore, the factor F is the chief consideration in explaining the 
genetic constitution of the Detroit Dark Red variety, F producing 
abundant yellow pigment and R changing the color to red. In con- 
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trast to this arrangement, the striped red beet is a combination of a 
factor (F r ) for pigment in the root plus a factor (R‘) which produces 
red in the tops. 

The factor R l is dominant to R and increases pigment development 
in the top. Likewise, Y is considered dominant to Y r and increases 
the abundance of pigment in the petioles and leaves, as well as causing 
pigment development in the root. 

SUMMARY 

The inheritance of color in nine types of beets obtained from crosses 
between sugar beets and red beets is reported. 

One cross, between a red-hypocotyl white-root sugar beet ( Ryry ) X 
Detroit Dark Red table variety (RYRY), yielded four types: RY 
(red beet); Ry (red hypocotyl white root); rY (yellow beet); and ry 
(yellow hypocotyl white root). There is conclusive evidence of a 
close linkage between Rr and Yy, with approximately 7.5 percent 
crossing over. A pale red beet of similar genetic constitution was 
observed, but its complete genetic make-up for color was not learned. 

A second cross between a striped red beet of unknown origin 
(R‘Y r R'Y')X a red-hypocotyl white-root sugar beet (Ryry) yielded 
five types: R‘Y r (striped red beet); R'y (red top w'hite roqjt); rY T 
(green top yellow root); RY r (green top red root); and ry (yellow 
hypocotyl white root). The root color was noticeably less intense 
whenever Y T replaced Y in the various genotypes. There is a close 
linkage, with approximately 7.5 percent crossing over, between 
R * and Y r and a similar linkage between R and Y r . 

It is believed that the R factors (R, R', and r) constitute one multiple 
allelomorphic series and the Y factors (Y, Y r , and y) another series. 
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By I. Michael Leaver, research assistant in Poultry Husbandry , and Lewis W. 
Taylor, heady Division oj Poultry Husbandry , California Agricultural Experiment 
Station 

INTRODUCTION 

Winter pause is an important character in the limitation of winter 
egg production during the pullet year. A great deal of the variability 
in winter production can be accounted lor by pauses, differential 
winter rate, and sexual-maturity factors. The nature of winter 

E auses has been investigated by Hays (I, 2 y 3) 1 and Hays and San- 
orn (4, 5 y 6)j and both hereditary and environmental causes have 
been recognized ( 2 ). The present study was made to determine 
whether or not pausing bears any relation to the rate of production 
and to evaluate the accuracy of some methods for its calculation. 
Rate of production will hereafter be referred to as “rate” for the sake 
of simplicity. 

Hays and Sanborn (5), in presenting different measurements of rate, 
state that, although the most intimate correlation of winter produc¬ 
tion with any of the four measures of intensity which they discuss is 
found to exist with the “net winter rate of laying”, “mean size of 
winter clutch” is the measure to be preferred. In a later paper (6) 
the same authors claim that the average yearly clutch size is a more 
accurate criterion of intensity than any short-time measure. “The 
net winter rate of laying” is defined as the quotient of the total 
number of eggs from the first pullet egg to March 1 divided by the 
number of days in the same period less nonproducthe periods of 4 or 
more consecutive day's from November 1 to March \ 
dull (?) proposes a different measure. For evaluation of rate, he 
uses the number of eggs in the same period studied by Hays and 
Sanborn expressed as percentage of the total number of days involved. 
It may be seen that the fundamental difference in the viewpoints of 
Jull and of Hays and Sanborn lies in the fact that the former evi¬ 
dently ascribes the occurrence of winter pauses to low' rate, while the 
latter consider pause and rate to be separate factors. Knox, Jull, 
and Quinn (8) also state that the best measure of rate is the produc¬ 
tion to March 1 as percentage of total number of days involved. 

A review' of the available literature shows that no evidence as to 
the nature of a parallel condition of pause during the spring months 
has been presented. It is probably of some interest to determine 
whether or not spring pause is related to winter pause, as well as to 
investigate the relationship of these conditions to rate. 

Such a study was undertaken with the foregoing points in view. 
Statistical constants and correlation of various factors in pausing and 
nonpausing groups of birds were calculated m the hope of throwing 
further ligh t on the question. 

\ Received for publication June 13,1935; issued February, 1930 
Reference is made by number (italic) to Literature Cited, p. 47. 
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METHODS 

Two periods of production were studied, namely, the winter period, 
extending from November 1 to February 28, and the spring period, 
from March 1 to June 28, each exactly 120 days long. 

In order to exclude the effect of pausing, broodiness, and late 
maturity, the rate of production was defined as the number of eggs 
laid during a period multiplied by 100 and divided by the number of 
days in the period (120), less the number of days paused and broody. 
The definition of pause was adopted arbitrarily as 7 or more consecu¬ 
tive nonproductive days. In the case of winter rate, the denominator 
was further reduced by subtraction of the number of davs from 
November 1 to the date of the first egg, when the latter fell after 
November 1. This measurement is similar to the one called bv Hays 
and Sanborn (5) net winter rate of laying. It may be seen that the 
conception of rate introduced here is more closely related to the 
measure of rate by the mean clutch size, as proposed by Hays (#), 
than to the method of Jull (7), which does not take nonproductive 
periods into consideration when calculating rate. 

The birds included in this study were selected from the general trap- 
nested Single Comb White Leghorn flock of the Poultry Division 
hatched in March and April, on the basis of the following considera¬ 
tions: (1) Only birds which were alive on October 1 of the year fol¬ 
lowing the year of hatch were used; (2) birds which produced less 
than 30 eggs in either of the two periods studied were eliminated; 
(3) only birds which commenced laying on or before November 15 of 
the pullet year were included in the group studied. 

Thus the population used was a strictly selected one, and it must be 
understood that any conclusions arrived at are applicable only to 
birds conforming to the standards set above. It was felt that a better 
understanding of the nature of pauses and their relation to the rate 
of production could be obtained if the study were restricted to birds 
of the foregoing type. The reasons for this are fairly obvious: Re¬ 
quirement 1 aims to eliminate from consideration the birds which, 
although apparently healthy, were under the influence of some 
pathological condition which led to their death before the expiration 
of the first laying year. Requirement 2 was supplementary to the 
first one, in the sense that it tended to eliminate birds with abnormal 
production records. Although in the third year of study birds of 
that type w T ere killed and examined for evidence of pathological con¬ 
ditions, and were thus eliminated by requirement 1, in the first 2 years 
no such autopsies were made. The second requirement was there¬ 
fore introduced to guard against inclusion of diseased birds. Finally, 
the third requirement served to eliminate part of the possible in¬ 
fluence exercised by differential sexual maturity on the factors studied. 

PRESENTATION OF DATA 

The total number of birds answering the above requirements in the 
3 years of study was 578. These were divided into 4 groups within 
each year on the basis of the pauses that they exhibited. Thus 12 
groups were obtained altogether, 3 groups of each of the following: 
Birds which paused during the winter period only (WP group), 
birds which paused only in the spring (SP group), birds which paused 
both during the winter and spring (WSP group), and birds which did 
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not pause at all (NP group). The distribution of these 4 groups for 
each of the 3 years (F, G, and H series, respectively) is shown in 
table 1. A gradual change in the proportion of pausing and non¬ 
pausing birds can be seen from the figures presented. 


Table 1 . — Birds used and percentage distribution on a pause basis 


Pause 


Winter. 

Spring... -.- 

Winter and spring. 
Nonpause.. 

Total, 678 birds 


F series, hatched in 

G series, hatched in 

II series, hatched in 

1931 

1932 

1933 

Number 

Percent 

Nu mber 

Percent 

Number 

Percent 

116 

58.0 

104 

46.4 

54 

35.1 

11 

5.5 

20 

8.9 

13 

8.4 

45 

22.5 

44 

19.6 

16 

10.4 

_* 

14.0 

56 

25.0 

71 

46 1 

200 

100.0 

1 

224 

99.9 

154 

100 0 


The comparatively rapid drop in the percentage of winter-pausing 
birds, as contrasted with the slow decrease in proportion of the 
spring-pausing group affords the first indication that the two condi¬ 
tions are separate. A further indication of this was obtained by 
calculating the coefficients of association between winter and spring 
pause (9, f). 38). These coefficients for the 3 years were found to be 
— 0.006, +0.085, and +0.236, respectively, indicating that any asso¬ 
ciation present is due to mere fluctuations of sampling. 


Table 2.' —Statistical constants for production and rate of the F , G, and II series of 

birds shoicu in table 1 


Product lull nr rate 


Kories F 

Winter production 
Sprinc production 

Winter rate.- 

Spring rate. 

Series G 

Winter production 
Spring production . 

Winter rate_ 

Spring rate. 

Series II 

Winter production. 

Spring production . . 
Winter rate... ... .. 
Spring rate. 


Production or rute 


Series F: 

Winter production . . 
Spring production . 

Winter rate.. . . 

Spring rate. 

Senos G: 

Winter production. 

Spring production 

Winter rate. 

r Spring rate. 

Series II: 

Winter production . 

Spring production. 

Winter rate. 

Spring rate. 


I WP group 1 | SP group* 


| Mean 

1 Standard 
j deviation 

Mean 

Standard 

deviation 


49 930-4:0 751 

11 9940 53 

7-' 68041.903 

9.3641.35 


89 3304- . 015 

10 304 45 

6 .* 9504 3.285 ! 

16.1642 33 


62 300J= 533 

! 8. 52* .37 

61 0904 .951 

4.68* .67 

- 

74 9754- .536 

8.504 .38 

09.27541.858 

9.1441.32 


55 2604 .982 

14 854 70 

76.0004 1 671 

11.0841.19 

88 9204 . 726 

1 10 994 .52 

| 69.00042 359 

15 0441.67 

64 755Jr .583 

1 8 824 . 41 

| 64 00041 315 

8 72* .93 

1 76 6154 .55t 

t 8 384 .39 

; 70 25041.927 

12 7841.37 

. J GO 430*1 339 

14. 594 .95 

I 85 84542 760 

14.7641.95 

.... 89 310FI. 169 

1 12.734.83 

1 58 35043. 325 

1 17. 7842. 35 


, 68 2004: . 378 

, 4 124.27 

, 71 13041.150 

6.154 .81 

.... 76 1704 .536 

5 844 .38 

72 77041.122 

6 004 .79 

WSP group* 

| N P group 1 


! Mean 

I Standard 
deviation 

Mean 

Standard 

deviation 


49.61041.414 

14 0641 00 

74 50041.320 

10.354 0 93 


69 61041.400 

13.924 .99 ! 

90 21041.047 

8 214 .74 


61.7804 .794 

7. 894 .56 

63.07041.000 

7 "14 .71 

... 

70.6654 .890 

8.854 .63 

75.5704 .678 

5 324 .48 


56.090tl.54S 

15. 2241.10 

78.0704 .711 

7.894 .50 


67.23041.752 

17.2341.24 

88.9604 .992 

11.014 .70 


03.7064 .860 

8.464 . 61 

66.9554 .567 

6.294 .40 


70.86541.211 

11.914 .86 

74.7704 .798 

8.864 .57 


59 50041.866 

11.0741 32 

82.3904 .722 

9.024 .51 


72. 0004 2.632 

15.6141.86 

9 .24041.316 j 

16.454 .94 

— 

66.06041.163 
72.00041.635 

C. 904 .82 
9.7041. 15 

69. 7454 . 506 j 
75.2404 .594 

0.334 .36 
7.424 .42 



1 WP-winter pause; SP-spring pause; WSP-both winter and spring pauses; NP»no pause. 
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Table 2 presents the statistical constants for the 12 groups of birds 
for winter production, spring production, winter rate, and spring rate. 
This table gives the basic data from which differences between groups 
were calculated. Since there is a possible effect of environment and 
managemental practices, differences between means were determined 
only within each series; table 3 presents these. In all of the tables 
probable and not standard errors are used. 

Table 3. —Differences between means of winter and spring production and rates 
for birds as calculated from data in table 2 

WINTER PRODUCTION 

[Significant differences are indicated in boldface and borderline differences in italic] 


Croups 1 


NP to SP. 

NPtoWP. . _ 

NPto WSP._ .... ... 

SP to WP... 

SP to WSP_ 

WP to WSP_ 


F series 


1 820*2.316 
24. 570r±_ 1. 519 
24. 890*1.934 

22. 750*2. 046 

23. 070*2. 371 
. 320*1. 001 


SPRING PRODUCTION 


G series 

II series 

2,070*1.816 
22.810*1.212 
21.980*1.703 
20. 740*1.938 
19. 910*2.278 
-.830*1 833 

-3.455*2.853 

21.960*1.521 
22. 890*2.001 
25 415*8.068 
26.345* 3.332 

. 930*2.297 


NP to WP... 
NP to SP___ 
NP to WSP 
WP to SP. 
WP to WSP 
SP to WSP.. 


0. 880*1. 230 
20. 260*3 448 
20. 600* 1.748 I 
19. 880*3. 349 
19.720*1.541 , 
. 340* 3. 571 


0.040 ±1.229 
19.960*2. 559 
21. 730* 2.013 
19. 920*2.468 
21.690*1. 897 
1.770*2. 939 


0 930*1.760 
31.880* 3. 576 
18.240* 2.943 
30. 960* 3 6ffr 
17.310*2.880 
-lS.doOA t an 


WINTER R \TK 


NP toSP... 
NP to WP.. 
NP to WSP. 
SP to WP... 
SP to WSP.. 
WP to WSP 


1 980*1.380 
.770*1.133 
1.290*1.277 
-1.210*1.090 
-.090+1 239 
. 520* .956 


2.955 4 1.432 I 
2.200* .813 ' 
3 V r >0± /. 030 
-.735*1 438 
.295*1 571 
1 050*1.039 


- 1. 385 * 1.257 
1 545 L .632 
3. 085* 1 268 
2.930*1 211 
5 0?0±lJi3h 
2. 140*1.223 


SPRING RATE 


NP to W T P..... 

NP to SP. 

0.595* .864 

6.295±1.078 

4.905*1.119 
5.700*1.934 
4.310*1.039 

— 1.300+2 066 

-1.845* .969 1 
4.520*2.080 
3.905*1.450 1 
C ,%‘5* j? 007, 

5 750*1.332 

- f»15 4-‘> 276 

-0 930* . 800 

2 470* 1. 270 

3 210* 1. 710 

3 400*1.243 

4 170*1.720 

770-1-1 0K3 

NPto WSP,.. .. 

WP to SP... 

WP to WSP. 

ertowsp.. .. 


1 


1 For explanation of symbols see footnote to table 2. 


Table 3 shows that, as would be expected, occurrence of a pause or 
pauses in the winter period reduced the winter egg production by 19.9 
to 26.3 eegs in the various groups. The groups which showed spring 
pause did not differ significantly in winter production from the non- 
spring-pause groups. Likewise there was no significant difference in 
winter production between the winter-pause birds and those birds 
which besides the winter pause also exhibited a spring pause. 

Similarly, table 3 shows that spring production is reduced by the 
occurrence of spring pause by 17.3 to 31.9 eggs, while winter pause 
does not seem to have any effect on the spring production. The only 
exception to this is the case of the winter- and spring-pause group of 
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the H series. While still significantly below the nonpause and winter- 
pause groups in spring production, this group shows a mean spring 
production higher by 13.65 eggs than the group which paused during the 
spring only. This figure is slightly more than three times its probable 
error and as such approaches the borderline limit of statistical signifi¬ 
cance. 

Table 3, which also shows differences in winter rate between the 
various groups, is of interest since it discloses that winter rate as 
here calculated is not affected by the occurrence of winter pause. 
Only two of the differences at all approach statistical significance 
and even these are less than 3.5 times the probable error. In 3 of 
the 12 cases, the group showing winter pause has a higher winter rate 
than the corresponding nonpause groups. This seems to be an indi¬ 
cation that winter pause should not be considered merely as a mani¬ 
festation of low rate. 

So far as spring pause is concerned, it may be seen from table 3 
that in some cases this condition appears to affect the rate of spring 
production. Of the 12 differences in spring rate between the groups 
not pausing in the spring and the groups exhibiting a spring pause, 3 
are statistically significant while 2 more are below 3.5 but above 3.0 
times their respective probable errors. There is, therefore, a possi¬ 
bility of an association between spring rate and spring pause. The 
coefficients of association between low spring rate and spring pause 
were found to be +0.492, +0.344, and +0.28G for the F, G, and H 
series, respectively. Thus it seems that there is a difference in the 
nature of the winter and spring pauses. Should any genetic inter¬ 
pretation of winter pause, such as that of Hays ( 1 ), be accepted, one 
must perforce conclude that the spring-pause condition, if genetic in 
nature, is governed by factors other than those controlling winter 
pause. 

In order to determine whether or not pauses ha\e an effect on the 

f )roduction in periods immediately preceding and immediately fol- 
owing them, the rates of production for the 15 days before and for 
the 15 days after a pause were calculated. These values are pre¬ 
sented in table 4 together with the rate for the total winter or spring 

Table 4. —Rate of production for lo days preceding and for 1 .7 days following a pause 



| Winter rate 

| opiuig itm* 

Oroup 1 

Pre- 

Total 

Post- 

Pre- 

Total 

Post- 


pause 

period 

pause 

pause 

period 

pause 

Series F: 







WP. 

58.96 

62.30 

58.83 i 

i 



SP. 




61 23 

69.28 1 

77.81 

WSP. 

57.23 

61.78 

58.96 

68.47 

70. i 1 

67.40 

Series 0: 



i 




WP. 

60.70 

64.76 

54.83 




SP. 




69 33 

70.25 

66.67 

WSP. 

58.81 

63.71 

' 50.36 

68.23 

70.87 

65.17 

Series H: 

i 




j 


WP_ 

64. 70 

68.20 

67.27 




SP. 




73.34 

72.27 

62.23 

W8P. 

62.65 

6(5.06 

66.23 

69.60 

72.00 

67 54 


J For explanation of symbols see footnote to table 2. 
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period, as the case may bo. The rate both before and after a pause 
seems to be somewhat depressed except in a few cases. This reduc¬ 
tion in rate preceding ana following the pause may be an expression 
of the lactors producing the pause and not a true manifestation of 
factors for rate, at least in the case of winter rate, since, as shown in 
table 3, the winter rate of pausers for the whole period does not 
differ significantly from the winter rate of nonpausers. 

COEFFICIENTS OF CORRELATION 

Coefficients of correlation between the four factors studied w° ro 
computed and are presented in table 5. The most significant points 
to be noted irom these correlations are: 

(1) The coefficients of correlation between winter rate and winter 
production are, as expected, somewhat higher in groups which did not 
pause in the winter than in groups which did. 

Tabll5— Coefficients of coirelatwri in the different sends as eale ulated fiom the 

data m table 1 


Factors correlated 


(i roup W P * 

W inter production and winter rate 
Winter production and spring produc tion 
Winter production and spring rate 
Winter rate and spring pioduction 
Winter rate and spnng rate 
Spring production and spring late 
Group SP i 

Winter production and winter nte 
Winter production and spring production 
Winter pioduction and spring rite 
Winter rate and spring produc t ion 
Winter rate and spring rate 
Spring production and spring 1 ite 
Group W ">P i 

W inter production and winter rate 
W inter production and spring production 
W inter production and spring ntc 
W inter rate and spring production. 

W inter rate and spring rate 
Spring production and spring rate 
Group N P 1 

W mttr production and winter rato 
W inter produc tion and spring production 
\\ inter production md spring rate 
W inter rate and spring pioduction 
W inter rate and spring rate 
Spring production and spring r ite 


I senes 

G senes 

II series 


0 2S8+0 058 

0 460-LO 052 

0 G34+0 055 

101+ 

003 

227Jr 

001 

445+ 

071 

.170 Jr 

001 

427 Jr 

050 

388+ 

078 

127+ 

050 

478+- 

051 

411 + 

v** 

422j- 

052 

572d_ 

044 

592+ 

000 

wot. 

010 

812+ 

021 

818+ 

010 

8 «r± 

040 

027 + 

021 

0554 

on 

720+ 

0% 

4754= 

110 

122+ 

184 

307+ 

170 

548+ 

100 

411 + 

155 

000+ 

111 

411 Jr 

120 

140+ 

181 

201 Jr 

180 

0204r 

0M 

181 + 

100 

024+ 

124 

8284_ 

047 

477+ 

144 

411 t 

0W 

f I4n= 

001 

758+ 

001 

241 l 

00 

1124r 

10! 

2514 

110 

020 Jr 

101 

1024 

m 

058 i 

149 

1»1+ 

088 

050J_ 

102 j 

22)+ 

141 

<51 t 

OKS 

103+ 

oso 

211 + 

142 

fKWdr 

004 

740+ 

«-• 

888+ 

on 

S81 + 

02K 

' 8% Jr 

018 i 

720+ 

030 

204+ 

110 

434+ 

073 ! 

3074 

009 

380+ 

107 

472+ 

070 

170+ 

009 

.322 Jr 

.114 

441+ 

072 

573+ 

054 

.401 + 

107 

455+ 

071 

511 + 

057 

882J_ 

028 

927+ 

013 

005+ 

000 


1 lor explanation of symbols see footnote to table 2 


(2) The correlation coefficients between spring rate and spring 
production are higher in the nonspring-pause groups than in the 
spring-pause groups, although the differences here are not so marked 
as m the case of the winter period. The occurrence of broody periods 
in the summer months in groups which did not show any pause is 
probably responsible for this. 

(3) The magnitude of the correlation coefficients between winter 
and spring production varies from +0 101 ±0 063 for the WP group 
of the F senes to +0 720±0 096 lor the SP group of the same series. 
No particular regularity can be observed in the variation of this 
coefficient. 

(4) The correlation between winter and spring rate also shows some 
variation, the lowest coefficient being +0.211 ±0.142 for the WSP 
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group of the H series, and the highest +0.626±0.086 for the SP group 
of the G series. It is a fact of great importance that, in all cases except 
two, winter rate is more closely correlated with spring rate than is 
winter production with spring production. The two exceptions 
represent populations of 11 (SP group, F series) and of 16 (WSP 
group, H series) respectively. It should also be noted that the corre¬ 
lation between spring rate and winter rate may be somewhat reduced 
in the total population as a result of spring pause. 

Figure 1, based on the total population of 578 birds, illustrates the 
regression of spring rate on winter rate. It is definitely linear, 
the difference between the correlation ratio and correlation coefficient 
being, according to Blakeman’s test, 0.017±0.007. Hays and San¬ 
born (60, however, found that the correlation between winter- and 
spring-clutch size was curvilinear to a small degree. 

It may be seen from the slope of the line in figure 1 that the per¬ 
centage of improvement in spring rate over winter rate is greater in 
the birds with the lowxr winter rate. Birds exhibiting a winter 
rate of about 80 percent and o^ er do not show any increase of rate 
in the spring, and may e\en exhibit a decline. On the whole, it may 



Figt'rl 1 —Repression of spring rate on winter rate, £/?*=4f 25C Hb 0 463 R ll 

be seen that there is a possibility that the winter and the spring rates? 
are governed by the same genetic factors, their expression depending 
on environmental conditions. 

It may be reiterated here that tw r o views on the matter are possible 
One view, that of the Beltsville workers (7, cS’), is that pauses are a 
reflection of a low rate, the other, held by Hays and Sanborn (+ 6'), 
is that winter pause is a separate entity. The evidence presented 
here may be interpreted to mean that pauses, whether genetically or 
environmentally determined, should be excluded in any method oi 
measuring rate. 

The effect of inclusion of pause periods pi the calculation of rate 
may be observed in table 6. Series G is used as the one with the 
largest number of individuals. The winter and spring rates are 
shown for the various groups as calculated by two methods. The 
Beltsville method consists in dividing theinumber of v eggs in a 
period X100 by the total number of days, wiiile in the California 
modification of the Massachusetts method the days of pause and of 
broodiness are first subtracted from the denominator. 
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period, hs the case may be. The rate both before and after a pause 
seems to be somewhat depressed except in a few cases. This reduc¬ 
tion m inte preceding and following the pause may be an expression 
of the factors producing the pause and not a true manifestation of 
factors ior late, at least in the case of winter rate, since, as showrn in 
table 3, the winter rate ol pausers for the whole period does not 
differ significantly from the winter rate of nonpausers. 

COEFFICIENTS OF CORRELATION 

Coefficients of correlation between the four factors studied were 
computed and are presented m table 5. The most significant points 
to be noted horn these correlations are* 

(1) The coefficients of correlation between winter rate and winter 
production are, as expected, somewhat higher in groups which did not 
pause in the winter than in groups which did 

T\mi i r> ( w pirn nt\ of (omlniioh m th( difftrud itui s as (ahulaltd from the 

da In in tnhU t 


1 in tors torn lid« 1 J strus ' O series I II seriM 


t *f (ill | r \V 1 » 
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I or explanation of swnhols s<< footnote to table 2 

(~) The correlation coefficients between spring rate and spring 
pioduction are higher in the nonspring-pause groups than in the 
.spring-pause groups, although the differences here are not so marked 
as in the c ase of the w inter period The occurrence of broody periods 
in the summer months in groups which did not show any pause is 
probably responsible for this. 

(3) The magnitude of the correlation coefficients between winter 
and spring pioduction Mines from 0 101 J 0 063 for the WP group 
ol the F senes to 1 0 726 J-0 006 for the SP proiip of the same series. 
No particular regularity can be obsened in the variation of this 
coefficient 

t4) The correlation between winter and spring rate also shows some 
variation, the lowest coefficient being -f0.211±0 142 for the WSP 
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group of the H series, and the highest +0.626 ±0.086 for the SB group 
of the G series. It is a fact of great importance that, in all cases except 
two, winter rate is more closely correlated with spring rate than is 
winter production with spring production. The two exceptions 
represent populations of 11 (SP group, F series) and of 16 (WSP 
group, H series) respectively. It should also be noted that the corre¬ 
lation between spring rate and winter rate may he somewhat reduced 
in the total population as a result of spring pause. 

Figure 1, based on the total population of 578 birds, illustrates the 
regression of spring rate on winter rate. It is definitely linear, 
the difference between the correlation ratio and correlation coefficient 
being, according to Blakeman’s test, 0.017±0.007. Hays and San¬ 
born (6), however, found that the correlation between winter- and 
spring-clutch size was curvilinear to a small degree. 

It may be seen from the slope of the line in figure 1 that the per¬ 
centage of implement in spring rate over winter rate is greater in 
the birds with the lower winter rate. Birds exhibiting a winter 
rate of about 80 percent and OM'r do not show any increase of rate 
in the spring, and may even exhibit a decline. On the whole, it may 



WINTER RATE (PERCENT) 


Figi'EL 1 — Regression of spring late on wintor rnto, <SA’=44 25ft 4 0 403 W A. 

be seen that there is a possibility that the winter and the spring rates 
are governed by the same genetic factors, their expression depending 
on environmental conditions. 

It may be reiterated here that two view T s on the matter are possible. 
One view, that of the Beltsville workers (7, 8), is that pauses are a 
reflection of a low rate, the other, held by Hays and Sanborn (.7, (>j, 
is that wdnter pause is a separate entity. The evidence presented 
hero may be interpreted to mean that pauses, whether genetically or 
environmentally determined, should be excluded in any method of 
measuring rate. 

The effect of inclusion of pause periods in the calculation of rate 
may be observed in table 6. Series G is used as the one with the 
largest number of individuals. The winter and spring rates are 
shown, for the various groups as calculated by two methods. The 
Beltsville method consists in dividing thejnmnber of A eggs in a 
period/100 by the total number of days, while in the California 
modification of the Massachusetts method the days of pause and of 
broodiness are first subtracted from the denominator. 



40 


Journal oj Agricultural Research 


Vol. 52, no. 1 


Tabu b — Comparison of methods of measuring rate of production in various 
groups 1 of the G bints by BtUsvilh and California methods 


Halt iii'l method 


Winter 

Iielts\ ill< 

( ilifornm 
spring 

t uhforni v 



1 

WI* group 

SP group 

W SP group 

NP group 


, 40 Go 

63 33 

4G 74 

65.06 

... 

; 04 7t 

64 00 

03 71 

06.90 


\ 74 10 

57 50 

50 03 

74.13 


70 62 

70 2") 

70 87 

74.77 


» For explanation of swnbols set footnote to table 1 


According (o the Beltsville method, the birds in the WSP and the 
N P groups are, respectively, low and high for both periods. In 
the WP group the birds are low for w'intcr rate but high for spring 
rale, while in the Si 3 group the reverse is true. On the other hand, 
according to tin* California method, the birds in each of the groups 
show the same type ol rate irrespective ot the season lor which rate 
is calculated. By using the regression line in figure 1 it is then 
possible to approximate the rate ol one period lrom information on the 
rate of the other. Ji rate is a character controlled by the same factors 
throughout the \enr, this ewdcnce indicates that there is no justifica¬ 
tion tor an t > method of measuring late which does not exclude the 
pausing periods Irani consideration. 

The absence ot any relationship between winter rate as licre^al- 
culatcd and some of the other lac tors wliich may affect production is 
show r n 1)} the following coefficients of correlation (WP group, G 
series) between 

t\ int<. i late and 

Date of hatch -_ _-0 01110.066 

Date of first e«K _ -- - . 0()5„ .066 

at first egg;. _ _ _ _ - 016± .066 

Wiatei naiisp length. ... _ 07^J: .066 

Whili" lla\s (.■>) lias found that his nonbroody line of Rhode Island 
Reds had a mean winter production higher by about 12 eggs than 
his broody line, in the ease of the vSingle Comb White Leghorns here 
studied, there was no difference between broody and nonbroody birds 
in rate of winter production, but there was some difference in spring 
rate. Table 7, illustrating this point, shows that the broody birds 
had a higher rate of spring production than the nonbroody birds. 
Because ol the small number of broody birds, it is not possible to 
check the significance of this observation by the usual methods. 


r\i»u 7 Hoii <>f production of broody and of nonbroody birds 


n< or group * 

Total 

popu- 

lition 

Broody 

Winter rate 

Spring rate 

All birds 

Broody 

birds 

All birds 

Brood\ 

birds 



Number 






200 

11 

62 225 

62 400 

73 775 

75 091 


104 

10 

64 755 

64 400 

76 015 

80 500 


224 

25 

64 745 

66 640 

74 480 

80 320 

- 

154 

i 

8 

68 980 

69 500 

75.280 

80.500 


For cxplan »tion of s>mbols foot note table 2 
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CONCLUSIONS AND SUMMARY 

A study of the relation of pauses to the rate of egg production was 
made on a selected population of 578 Single Comb White Leghorns 
in their pullet year. The birds were selected for absence of patho¬ 
logical conditions and for fairly uniform early sexual maturity. Three 
series of birds, hatched in 3 consecutive years, were represented in 
the total population and each series was treated separately. Analyses 
of differences in the rate of production between pausing and nonpnus- 
ing birds, as well as a study of correlations between rate and number 
of eggs laid during different periods led to the following major con¬ 
clusions: 

(1) The condition of winter pause is causally distinct from that of 
spring pause and is entirely separate from it. 

(2) The view that winter pause is merely a manifestation of low 
winter rate is untenable. 

(3) Spring pause may be associated with low spring rate, but no 
conclusive evidence on this point is as yet available. 

(4) Spring rate shows a linear regression on winter rate and an 
increase over it when the latter is below SO percent. Evidence on 
hand points to the possibility that the same genetic factors control 
both winter and spring rate of production. 
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THE EFFECT OF HOMOGENIZATION ON SOME OF THE 
CHARACTERISTICS OF MILK FAT 1 

By I. A. Gould and G. M. Trout, research assistants in dairy husbandry , Michigan 
Agricultural Expcumnit Station 2 

INTRODUCTION AND REVIEW OF LITERATURE 

The adaptation of the homogenization process to the market-milk 
industry has been confined largely to pasteurized milk, since raw milk 
was found to develop a rancid flavor within a few hours after being 
homogenized. The rapid development of rancidity in homogenized 
raw milk and the absence of a similar development in milk pasteurized 
prior to homogenization has been noted by several investigators, 
including Dorner and Widmer (5), 1 Ilalloran and Trout (6*), Doan 
and Minster (4), and Babcock (2). Dorner and Widmer (5) attributed 
the development of the rancid flavor to lipase action resulting in the 
splitting of the fat to give free fatty acids. This view has been gener¬ 
ally accepted by other investigators. The associates of Rogers (#) had 
earlier pointed out that the production of free fatty acids in some 
dairy products is due primarily to hydrolytic action of enzymes or the 
action of free acids in the product in the presence of water. These 
authors state further that the production by hydrolysis of some of the 
lower fatty acids, such as butyric, caproic, and others, are responsible 
for the rancid flavor and odors. 

Dorner and Widmer (J), and Ilalloran and Trout (6*), working 
independently, observed an increase in titratable acidity of homo¬ 
genized raw milk, the increase appearing immediately after homo¬ 
genization and varying directly with the pressure used. Pasteuriza¬ 
tion before homogenization prevented the occurrence of any increase 
in acidity. Doan and Minster (4) secured similar results by pH 
measurements. 

The decrease in the surface tension of homogenized raw milk, as 
noted by Halloran and Trout (6‘), was ascribed by Doan (S) to be the 
result of the liberation of some of the lower fatty acids from the glyc¬ 
eride, and an increase in their concentra tion at the surface of of the milk. 

The associates of Rogers (S), Bewkowitseh (7), and others give 
the normal ranges of characteristic milk-fat constants, such as refrac¬ 
tive index, Reichert-Meissl number, Polenske number, and acid value. 
However, no information is available regarding the effect of homo¬ 
genizing either raw or pasteurized milk on these values. According 
to the former authors, the normal range of the refractive index of milk 
fat at 40° 0. is from 1.4527 to 1.4566. Lewkowitsch (7, r. I, p . 124) 
studied pure fatty acids and found the indexes of butyric and caproic 
acids at 20° C. to be 1.39906 and 1.41635, respectively. 

1 Received for publication July 22, 1935, issued February 1936 Journal artu le no 223 (n s ) from the 
Michigan Agricultural Experiment Station 

* The authors wish to express their appreciation to Prof C I) Ball, Chemistry Department, Michigan 
State College, for valuable suggestions and criticisms relatixe to this study 
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SCOPE OF INVESTIGATION 

Although suggestions have been made that increases in titratable 
acidity, decreases in the hvdrogen-ion concentration, and development 
of rancidity in homogenized raw milk were due to changes in the fat, 
nil evidence for these assumptions has been more or less indirect in 
that the measurements have been made upon the milk rather than 
upon the fat itself. In this connection it appeared of interest to 
determine the actual chemical changes in the fat brought about by 
homogenization both of raw and of pasteurized milk, and to determine 
the extent to which the fat is changed in the development of rancidity. 
To secure such information, a study of changes in some of the fat 
constants appeared to offer the best possibilities. The fat constants 
chosen for examination were as follows: The Reichert-Meissl number, 
the Polenske number, the acid degree, and the refractive index. 

PROCEDURE 

Raw milk having a fat test of approximately 3.5 percent was used 
for the experiments. During each of the five trials run, the milk was 
divided into four lots and processed with commercial equipment, as 
follows: 

Lot 1. Pasteurized at 145° F. for 30 minutes. 

Lot 2. Pasteurized at 145° F. for 30 minutes, and then homogenized 
at 1,500 pounds pressure per sepia re inch. 

Lot 3. Warmed to 100° F., homogenized at 1,500 pounds prqjsure, 
and immediately thereafter pasteurized at 145° for 30 minutes. 
About 10 to 15 minutes was usually required to reach the pasteurizing 
temperature after homogenization. 

Lot 4. Homogenized at 100° F., cooled to about 55° over a surface 
cooler, and then stored at 35° to 40° for 24 hours. After storage, the 
milk was pasteurized, as in the previous lots. 

Following the processing of the lots, samples were taken, cooled, 
and the pH value and titratable acidity of the milk determined. 
The pH value was obtained electrometrically with a Leeds-Northrup 
portable acidity meter using a bright platinum foil electrode and 
quinhydrono for the determinations. The milk was then separated, 
and the cream churned. The fat obtained was washed several times 
with water and melted in a hot-water bath. It was further purified 
by filtering through a paper filter to eliminate curd and water. The 
nitrified fat obtained was used for (he determination of the Reichert- 
Meissl number, the Polenske number, the acid degree, and the refrac¬ 
tive index. An Ahh6 refractometer was used, according to the direc¬ 
tions of the Association of Official Agricultural Chemists (1). 

RESULTS 

THE EFFECT OF HOMOGENIZATION ON THE TITRATABLE ACIDITY AND 
HYDROGEN ION CONCENTRATION OF THE MILK 

As mentioned previously, several investigators observed the effect 
on the titratable acidity and the hvdrogen-ion concentration when 
raw r and pasteurized milk were homogenized. These published 
results showed that the homogenization of pasteurized milk had no 
effect on the hydrogen-ion concentration -or acidity, whereas the 
homogenization of raw' milk increase# tKo fluidity ana decreased the 
hvdrogen-ion concentration. A verification of these results w'as 
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secured in this study, but the data are not included inasmuch as they 
are a repetition of what lias formerly been thoroughly studied It 
suffices to say that in the five trials made, no appreciable differences 
occurred either in the titratable acidity or in the hydrogen-ion con¬ 
centration when the milk was homogenized following pasteurization, 
but a noticeable change in both of these \alues was observed when the 
milk was homogenized raw T and then pasteurized. These changes 
were greater when 24 hours had elapsed between homogenization and 
pasteurization. During this period, the titratable acidity increased 
from an a\erage of 0 17 to an average of 0 20 percent, calculated as 
lactic acid, while the hydrogen-ion concentration value decreased Iroin 
0 58 to 6 44. The determination of titratable acidity, calculated as 
lactic acid, appeared to be as accurate as hydrogen-ion concentration 
measurements m detecting acidity changes in the milk due to homo¬ 
genization 

THE EFFECT OF HOMOGENIZATION OF MILK ON THE REICHERT MEISSL AND 
POLLNSKE NUMBERS OF THE FAT 

The data secured in the study of the influence of homogenization 
of raw and pasteurized milk on the Reichert-Meissl and Polenske 
values of the butterfat are piesented in table 1 


Tabli 1 —The iff at of homoquuzniq ran and pa<*ti unztd mtlh upon thi Rathnt- 
Mtissl and Poltnshi numbets, the nfiaihit mdit, and thi and diqrii of thi 
butte) fat 

REIC III Ft I MEIbbL NUMBER 


1 ri ll no 


1 


t 

4 


\ % enpe 


Pasteurized 

imhomog 

eimed 

Pasteurized, 

homog¬ 

enized 

Raw, ho 
mogeni7ed 

Raw, ho 
mogeniml 
stored 24 
hours 

29 68 

28 *10 

to 21 

29 12 

i tl 25 

to 1 

tl 44 

tl 00 

W 14 

to 00 

29 81 

29 21 

1 t<) 97 

to 00 

tO 80 

to 05 

28 IS 

2H 11 

27 9t 

27 79 

tO 04 

29 72 | 

10 04 

29 50 


POI INskK NUMBER 


1 


t 27 

t 27 

i t 25 


t 18 

2 


2 84 

2 8t 

! 2 9t 


2 85 

t 


2 07 

2 07 

1 89 


1 82 

4 


2 88 

2 99 

2 80 


2 70 

r 


1 89 

2 00 

1 92 


1 9t 


Vverage 

| 2 r >9 

2 «t 

2 50 


2 51 


RE b RAC HVI INDEX 



1 4542 

1 4541 

1 4541 

1 4540 


1 45 ^2 

1 4552 

1 4561 



1 4552 

1 4551 

1 4559 

1 4551 


1 4552 

1 4552 

1 4651 

1 4548 


1 4554 

1 4550 

1 4550 

1 4552 


1 4550 

J 4549 

1 4545 

• 

1 4548 


Average 
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Table 1.— Th( effect of homogenizing raw and pasteurized milk upon the Reichert - 
Meted and PoltnsU numbers , the refractive index , and the acid degree of the 
b utter fat —('on f 1 1 u i cd 

J ACID DEGREE i 


\ \ prage 


il J10 

Pasteurised, 

unhomog- 

enized 

Pasteurized, 

homog¬ 

enized 

Raw, ho¬ 
mogenized 

Raw, ho¬ 
mogenized, 
stored 24 
hours 



0 72 

0 74 

2 65 

9 86 



.32 

.33 

2 55 




.57 

.60 

2 73 

11 20 



.50 

.50 

2 53 

14 40 

. 


.05 

.66 

2 70 

6 12 



.572 

.566 

2 008 

10 395 


i And degree is expressed as f he cubic c-entimeters of N/l NaOIl required to titrate the free fatty acids m 
100 y of fat 

* Sol induded in a\erapes 


The averages of these trials vary but do not show any general 
trend in changes of these constants. The data show no great differ¬ 
ences between the fat from the homogenized raw samples and that 
from the original unhomogenized pasteurized milk. The Reichert- 
Meissl and Polenske titrations decreased only 0.48 and 0.08 cc, 
respectively, in the 24-hour raw sample. Such changes appear 
negligible. 


THE EFFECT OF HOMOGENIZATION OF MILK ON THE REFRACTIVE INBCX OF 

THE FAT 


The results of the study of homogenization as it affects the refrac¬ 
tive index of the milk fat are also presented in table 1. As show r n in 
this table, homogenization of the raw’ or of the pasteurized milk had no 
marked influence on the refractive index. A slight decrease m the 
indexes of the fat from the raw samples is showrn by the average of the 
trials, but the change is so slight as to appear of no value. 

THE KFFEl T OF HOMOGENIZATION OF MILK ON THE ACID DEGREE OF THE FAT 

Although none of the fat constants reported in table 1 appeared to 
be affected by homogenization, the acid degrees of the fat were ma¬ 
terially changed. Table 1 gives the values secured. The data show 
that the average acid degree of the fat of the raw homogenized milk 
immediately after processing was approximately 4 times that of the 
pasteurized milk, whereas after the raw T homogenized milk had been 
stored 24 hours the average acid degree of the fat was 18 times that 
of the pasteurized milk. 

The acid values secured were practically constant between the 
two pasteurized samples, indicating that there was no liberation of 
fatty acids when the milk was pasteurized prior to homogenization. 

The acid degree of the fat in the raw r homogenized sample in trial no. 
3 showed scarcely any increase as it did in the other four trials, and, 
because of this deviation, the value was not included in the averages. 

The \ alues secured for the raw' homogenized samples stored 24 
hours varied greatly. The exact cause for these variations is not 
knowm. 
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THE EFFECT OF LONG STORAGE PERIODS ON THE TITRATABLE ACIDITY AND 
HYDROGEN-ION CONCENTRATION VALUES OF THE RAW HOMOGENIZED MILK 
AND ON THE ACID DEGREE OF THE FAT 

Since the acid value was found to be so greatly affected when raw 
milk was homogenized, it was thought desirable to make a study of 
the changes in the free acids of the fat when the milk was stored for 
several days following homogenization. The raw milk was homo¬ 
genized at 1,500 pounds pressure, cooled immediately over a surface 
cooler to 55° F., and stored at 35° to 40°. Portions of this milk were 
taken at daily intervals, pasteurized, and the fat studied. The con¬ 
trol sample was pasteurized but not homogenized. 

Titratable acidities and hydrogen-ion concentration measurements 
were also made on the milk after varying periods of storage. The 
values of these latter determinations are given in table 2 and show 
a marked increase in titratable acidity and increase in hydrogen-ion 
concentration in the milk during the 5-day storage period. 


Table 2. — The effect of storing for varying periods of time, the titratable acidity , and 
hydrogen-ion concentration of raw homogenized milk 


renod after homogeni¬ 
zation (hours) 

Trial no. 1 

Trial no. 2 

Trial no 3 

Averago 

Acidity 

1)11 

Acidity 

I)H 

Acidity 

1»U 

Acidity 

PH 

Control . 

Percent 

0.182 

6. 42 

Percent 

0.155 

6. 50 

Percent 

0.145 

0. 38 

Percent 

0.101 

0 43 

‘l U i . 

. 190 

0. 38 

.170 

6. 48 

.155 

6.35 

.172 

0 40 

24 

.240 

6 2 4 

.200 

0 28 

. 185 

0.32 

.208 

0.28 

48 

. 245 

0. 25 

.240 

0. 28 

. 185 

0 32 

.223 

0.28 

72 __ .i 

. 255 

0 19 

. 235 

0 28 

.190 

0 32 

.227 

0.20 

un ' *."" 

. 255 

0. 14 

.238 

6 20 

. 195 

(i. 30 

.229 

0 21 

120 .... . 

. 205 

«. 17 

. 245 

6.15 

.200 

6.20 

.237 

0.19 


The data showing the effect of the varying period* of storage on the 
acid degree of the fat are presented in table 3. These figures show the 
tremendous increase of free acids in the homogenized raw milk during 
each of the storage periods. Even at the end of the fifth day the 
liberation of the acids continued rapidly. 


Table 3. — The effect of storing for varying periods of time on the acid degree of the 
fat of raw homogenized milk 


Acid degree of the fat 


Period after homogenization (hours) 





Average 

increase 

Trial no. 1 

Trial no. 2 

Trial no. 3 

Average 

Control. 

0.595 

0.645 

0.460 

0.560 

Percent 

0 

U-h ..... 

4.390 

3. 850 

2. 515 

3. 585 

533 

24. 

11.200 

9.960 

8.600 

9.920 

1,652 

48. 

14.090 

13. 370 

8.560 

12.207* 

2,056 

72. 

16.000 

14.980 

10.300 

13.760 

2,331 

96. 

18.500 

15 20Cf 

10 870 

14.856 

2,524 

120. 

18.400 

18 010 

12.640 

16. 350 

2,788 

— 



_ 

__ __ 



The greatest daily change in the fatty-acid values occurred during 
the first 24 hours of storage, the increase amounting to an average 
1,652 percent during this time. Furthermore, the acid value of the 
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fat increased on an average of 533 percent within a few minutes after 

homogenization. t , 

The increase in the degree of free acids in the fat, and in titratable 
acidity, and the decrease of the pH value are shown in figure 1. In 
this ligure the pH values were plotted as hydrogen-ion concentration 
[IH-1 so as to form a curve which may be compared as to slope with 
the curve of the acid value. . 

Figure 1 shows the rapid increase in the free fatty acids during the 
first 24 hours, or e\en during the first few minutes, after homogeniza¬ 
tion The speed of the splitting of the fatty acids from the glycerol 



Hm h* I ( Imnges in t lie mi id degree of the fat, the til ratable audit \, and the hj drogen ion concentration 
of raw homogenized milk The units indicating fH+]should he multiplied bx 10 to express accurate 
concentration The aciditj is expressed as the iteroentnge of luc t u acid, and the acid degree as the number 
of rutm centimeters of N 1 NaOII required to titrate the free fattx acids in 100 g of fat 


by enzymic action apparently proceeds at a high velocity when the 
fat globules are first broken by the homogenizing process into smaller 
globules, thus exposing more surface to the splitting action. 

Figure 1 also shows that the titratable-acidity measurements of the 
milk followed increases in free arids of the fat somewhat more closely 
than the pH values. Since only three trials supplied data for this 
graph it may be presumptous to assume that this difference will 
always occur. It appears safe to say, however, that determinations 
of rancidity development in milk may be made as satisfactorily with 
titration means as with potentiometnc methods. 
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DISCUSSION 

Of the four fat constants investigated in the present study only the 
acid value showed distinct changes as a result of homogenization of 
raw milk. Homogenization of pasteurized milk did not cause any 
appreciable changes in the Reicliert-Meissl number, the Polenske 
number, the refracthe index, or the acid degree. 

If only the liberation of the lower fatty acids occur in the fat of 
homogenized raw milk, no changes would be expected in the Reicliert- 
Meissl or Polenske numbers since the amount of soluble volatile and 
insoluble volatile acids would naturally remain constant regardless 
of whether the acid was in the free or combined state. It is likewise 
obvious that during the determination of these two constants, the 
lower fatty acids must necessarily be freed. 

A decrease in the refractive index of milk fat might be expected to 
occur with high concentrations of free acids, when consideration is 
given to the refractive indices of pure fatty acids. The average 
refracthe index of the fat in this study was 1.4548 at 40° (\, whereas 
Lewkowitsch (7, v. 1 , p. 124) gaAe a value of 1.39900 at 20° for pure 
butyric acid. Correcting the milk-fat index of 1.4549 at 40° to 20° 
by using the temperature correction formula 00038 {T'— T) 

as given by the Association of Official Agricultural Chemists (7), 
the index of refraction of the fat is increased to 1.4025. This correc¬ 
tion makes even larger the difference between the indexes of the 
butyric acid and the fat, indicating that the presence of any appreci¬ 
able amount of butyric acid would ha\e a marked tendency to lower 
the index of refraction of milk fat. In the trials herein reported, 
however, no great differences were detected e\en though the acid 
degree increased on an a\ erage from 0.572 to 10.40 during a 24-hour 
holding period. The averages of the five trials show a slight decrease 
in the refractive index of the fat in the raw samples, but the decrease 
is so small as to appear negligible. A greater decrease than this wrould 
be expected with an acid degree of 10.37, or the presence of 0.912 
percent n-butyric acid. 

In this connection, however, the refractive index of the glycerol 
must not be overlooked. Lewkowitsch (7, v. J y p. 402) gives values 
for pure glycerol secured both by Strohmer and Lenz which are higher 
than the index \ alues of butterfat. The refractive index of glycerin 
at 20° C. is approximately 1.4727. Therefore, when butterfat is 
hydrolyzed, the slightly higher index of refraction of glycerin might 
tend to balance the lower \alues of the free fatty acids. 

The interesting point in regard to the acid degrees of the fat taken 
from raw homogenized milk after varying periods of storage is the 
large increase in this value. The increase on an average of 2,788 
percent over the control pasteurized sample after 5 days’ storage 
illustrates the rate at which fat-splitting action proceeds even at 
low-storage temperatures. Calculations show that the 16.35 cc of 
N/l NaOH required to titrate the fred acids in 100 g of fat are equiva¬ 
lent to 1.4388 g of butyric acid. Assuming the butyric acid content 
of butterfat to be 3 percent, these values indicate that about 48 
percent of the butyric acid is liberated at the end of the 5-day storage 
period. This value may be somewhat low if consideration is given 
to the possibility that some of the glycerol and butyric acid are lost 
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during the washing of the fat. Likewise, it is likely that other lower 
fatty acids in addition to butyric are affected by the fat-splitting 
process. 

It is known that the homogenization process increases the surface 
of the fat globules about 4 to 6 times. The data obtained in this 
study show* that the acid degree of the fat in the raw homogenized 
samples increased fourfold to sixfold within a few T minutes after 
homogenization of raw milk. Perhaps the entire immediate increase 
in the acid degree following homogenization may be explained by the 
increase in the surface of the fat, thus permitting greater fat-splitting 
activity by the causative agent. Further increases may be due not 
only to enzymic action but to the presence of the free acids wdiich 
hasten further hydrolysis of the fat. 

From time to time rather distinct differences were observed be¬ 
tween the speed with which the acid value increased in samples of 
milk with the same fat content. These differences may have been 
partly due to changes in storage temperatures but more likely were 
principally caused by variations inherent in the milk itself. 

SUMMARY AND CONCLUSIONS 

No appreciable differences in the Keichert-Meissl number, the 
Polenske number, the refractive index, or in the acid degree occurred 
in the fat when pasteurized milk was homogenized at 1,500 pounds 
pressure per square inch. 

When raw’ milk was homogenized, the acid degree of the fat 
increased fourfold to sixiold within a few minutes. 

The normal average acid degree of the fat (expressed in cubic 
centimeter N/l NaOlI per 100 g of fat) was 0.572. This value 
increased in raw milk to 2.008 immediately after homogenizing. 

The greatest daily change in the acid degree of the fat of stored 
homogenized raw milk occurred during the first 24 hours when the 
titration of free acids with N/l alkali increased on an average from 
0.500 to 0.02 cc, a 1,052-percent increase. 

Homogenized raw milk, stored for 5 days, required an average of 
10.35 cc N/l NaOII to titrate the free acids in 100 g of fat, or an equiv¬ 
alent of 1.4388 g of butyric acid. 

The measurement of free fatty acids by titration of the fat appears 
to be a more accurate and more sensitive means of determining the 
rate of fat-splitting action than those determinations which may be 
made upon the milk. 
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PERIDERM AND CORTEX COLOR INHERITANCE IN 

THE POTATO 1 


By F. A. Krantz, associate professor of horticulture , m charge of vegetable gardening , 
Minnesota Agricultural Experiment Station , and collaborator , Division of Fruit 
and Vegetable Crops and Diseases , United States Department of Agriculture; 
and Harold Mattson, assistant in horticulture , Minnesota Agricultural 
Experiment Station , and agent } Division of Fruit and Vegetable Crops and Dis¬ 
eases , United States Depaitment of Agriculture 

INTRODUCTION 

Red and blue tuber color in varieties of white-and yellow-fleshed 
potatoes ( Solanum, tuberosum L.) is due to pigment located in the 
periderm, in the peripheral cortex, or in both periderm and cortex. 
Krantz (5) 1 found the location of pigment to be specific for certain 
progenies. location of pigment is not always indicated, and in 
general receives little attention in the contributions of Salaman (10, 
11), Asseveva (1), Sirks (12), Lunden (7), Black (2), and Rathlef 
(9). McIntosh ( 8) and Klapp (3) found, in systematic studies of 
potato varieties, that color of flowers was associated with color of 
periderm, but not with color of cortex. This paper presents data on 
the inheritance of periderm color and cortex color and also considers 
interaction between periderm and cortex color factors. 

INHERITANCE OF RED COLOR IN THE PERIDERM 

Color in the periderm (the cork or skin) may usually be recognized 
in portions of the periderm separated by light scraping from the under¬ 
lying tissue of immature tubers. 

Previous observations (4, 5, 6) have aided the formulation of a 
working hypothesis which assumes that red periderm color is due to 
the complementary action of three factors li, S, and F. 

The frequencies of red-periderm and white-periderm individuals 
in progenies of 11 various selfed parents are recorded in table 1. 
The distribution suggests a relation of 3:1 in family no. 85, the prog¬ 
eny of a plant of unknown tuber color, and 9:7 in 3 families and 
27:37 in 3 families, progenies of selfed seedlings which had red tuber 
color only in periderm of the eye region. These numerical relation¬ 
ships would be expected if three interacting factors were operating to 
produce red color in the periderm and if the respective parents were 
segregating for 1, 2, and 3 factor pairs. 

The relation of 45:19 suggested by the frequencies in progenies of 
3 red-periderm parents, the Triumph variety and seedlings nos. 
5-10-1 and 5-14-8-1, would be expected if these parents were heter¬ 
ozygous for 3 pairs of interacting factors, 2 of which were duplicates. 

1 Received for publication July lb, 1935, issued February, 1936. Journal Senes Paper No. 1370 of the 
Minnesota Agricultural Experiment Station 
* Reference is made by number (italic) to Literature Cited, p 63. 
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Table 1.— Periderm color in progenies of certain selfed potato plants 


Needling or ' Periderm 
variety no. J " 


H5 

41 2 2-3 .. 
S-4 

12 2 22 .. 
.V3 

5 f, . 

41-2 7 
5 10 1 
b 14 K I 
Triumph 
5 14 . . 


Unknown 
lied eye > 
....do ' . 

- do 1 .. 
do. 1 
do' . 

.do 1 
lied . 

..do 

. do_ 

Light red . 




Progenv having indi- 


Tbeo- 



cated periderm color 

Suggested factorial 

retical 


How derived 

- _ 



formula 

ratio of 
red to 



Red 

White 

Total 


white 



{Number 

Nu mber 

Number 




/Observed.. 

, 153 

47 

200 

EE SSFf. . 


— 

(Calculated 

I 150 

50 

200 


3:1 

II Observed . 

1 125 

95 

220 

Ee Ss FF . 


... 

/Calculated 

i 123.75 

96 25 

220 

.... 

9:7 


1 Observed 

1 94 

89 

183 

Ee Ss FF . 


- 

(Calculated . 

103 

80 

183 


9:7 


/Observed . 

75 

43 

118 

Ee Sn FF. _ ... 



(Calculated .J 

66 

52 

118 


9:7 


/Observed . . 

213 

252 

465 

EeSsFf _ 


- 

/Calculated . 

190 

209 

465 


27:37 


[Observed... J 

37 

40 

77 

Ee Ss Ff. .. .. 



1 Calculated. 

32 5 

44 5 

77 


27:37 


/Observed 

30 

56 

86 

Ee Ss Ff .... .. 



(Calculated 

36 

50 

86 

. 

27:37 


[Observed 

i 223 

89 

312 

Ee Ss S's' FF . _ 



/Calculated 

1 219 4 

92.6 

312 


45:19 


[Observed 

67 

34 

101 

Ee E'e' Ss FF. . 



/Calculated. .. 

71 

30 

101 


45:19 


[Observed ... 

252 

102 

3M 

Ee E'e' Ss FF .. 


... 

/Calculated... 

249 

105 

354 


45:19 


[Observed ._ 

35 

26 

61 

Ee E'e' Ss Ff..V.V,[ I” 



/Calculated.. 

32 

29 

61 

. 

135:121 


1 lied confined to |H>riderm of eye region. 


The proportion of red to red-eye periderm eolor was 71 to 152 in 
furnily no. 5-10-1, in contrast to the proportions of 198 to 54 and 
49 to 18 in progenies of the Triumph and no. 5- 14-8-1. This 
difference suggests that the pair of duplicate faetors segregating in 
seedling 5- 10-1 is not the same as the pair of duplicate factors heter¬ 
ozygous in the Triumph and in no. 5 14 8-1. 

Its light red-periderm eolor, the distribution of color in its progeny, 
and in the progeny of its second-generation seedling no. 5-14-8-1 are 
considerations which suggest that seedling no. 5-14 was heterozygous 
for 4 pairs of interacting factors, 2 of which were duplicates. 

INHERITANCE OF CORTEX COLOR 

Cortex color is assumed to be governed by four pairs of interacting 
genes. According to this working hypothesis, red-cortex color is 
considered to be due to the complementary action of factors R, D, 
and C, and blue cortex to result from the addition of a factor P. 

INHERITANCE OF RED COLOR IN THE CORTEX 

As recorded in table 2, the proportions of red-cortex individuals in 
families resulting from selfing the Flourball and Early Ohio varieties 
and in the progeny, no. 10.22, of a cross between the Early Ohio and 
a white-cortex seedling suggest that these varieties were heterozygous 
for two interacting factors for cortex color. A similar condition is 
indicated for Early Ohio seedling no. 41-17 by its color and by the 
proportion of red-cortex individuals in family no. 11. 

When live eortex-eolor seedlings of family 11 were selfed, the 
behavior of faint-red cortex seedlings nos. 11-4 and 11-8 indicated 
that they may have been heterozygous for three pairs of interac ting 
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cortex color factors. The behavior of seedling: no. 11-4 in crosses 
recorded in tables 2 and 3 supports this conclusion, especially when 
considered in comparison with the behavior of light-red cortex seedling 
no. 11-3 in similar crosses. 

Table 2 —Cortex color in pioqemes of selfed red-cortex individuals and in progenies 
of certain r(d-cortix X white-coitex crosses 




Progeny haung indicated cortex color 


Then- 

amilv 

no 






Suggested 

retical 

Parents and (olor 





factorial 

ratio of 


How domed 

Red 

White 

lotal 

formula 

red to 
white 




Number 

A umber 

A umber 



7 

Fiourball (light red) 

/Observed . 
(Calculated 

84 

84 

66 

66 

150 

150 

CCRrDd . 

9 7 

41 

Farly Ohio (light red) 

(Observ ed 
(Calculated . 

115 

303 

223 

235 

538 

538 

CCRrDd 

9 7 

10 22 

(Early Ohio (light rcd)X 
l no 4 

/Observed 
\ Cah ulated 

17 

21 

39 

15 

56 

56 

CC Rr Dd X cc 
Rrdd 

3 5 

11 

/No 41-17 (light red) X no 

(Observed 

124 

225 

349 

CCRr Dd X cc 


( 4-9-1 (white) 

Selfed seedlings of family 

(Calculated 

HI 

218 

349 

Rrdd 

1 5 



no 11 







11-4 

No 11 4 (faint red) 


17 

28 

45 

Cc Rr Dd 

27 37 

11 8 

No 11 8 (faint red) 


7 

9 

16 

( c Rr Dd 

27 17 

11 1 

No 113 (light red) 


20 

10 

30 

( c RR Dd 

97 

11 6 

No 11 6 (light red) 


18 

13 

31 

C c RR Dd 

97 

11 7 

No 11 7 (light red) 


11 

15 

46 

C c RR Dd 

97 

J7 20 

/No 11-4 (faint red)Xno 


7 

11 

18 



( 4 27 (white) 

/No 11-3 (light red) Xno 


8 

1 

38 

46 



22 26 

{ 4 27 (white) 



i 

i 





Table 3 —Data relating to progeny inheritance of blut cortex color 




| Progeny hav ing indicated cortex 

I amily 
no 

Parents and color 


color 



Blue 

Red 

White 

Total 



Num 

A um 

1 

Num¬ 

Num 



her 

ber 

ber 

ber 

54 26 

Russet Rural (white) X no 114 (faint red) 

16 

21 

53 

90 

38 26 

Russet Rural (white) X no 11 3 (light red) 

42 

52 

108 

202 

53 26 

Russet Rural (white) X no 41 1 (white) 

0 

0 

31 

31 

40 26 

41 1 (white) X no 11 3 (light red) 

0 

22 

20 

48 


INHERITANCE OF BLUE COLOR IN THE CORTEX 

Data relating to the inheritance of blue-cortex color is recorded in 
table 3. Blue-, red-, and white-cortex seedlings were observed m 
families resulting from crosses between the white-cortex Russet Rural 
variety and red-cortex seedlings nos 11-3 and 11-4 The nearly equal 
occurrence of blue- and red-cortex individuals m each of these families 
suggests that the Russet Rural may have been heterozygous for a 
factor for blue-cortex color and that fliis factor, designated P, when 
present with the factors necessary for red-cortex color, produced blue- 
cortex color. The behavior of white-cortex seedling no. 41-1, a seedling 
of the Early Ohio, in crosses with seedling 11-3 and Russet Rural 
suggests that seedling 41-1 and Russet Rural were probably recessive 
lor the same factor pair. 
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RELATION OF COLOR IN PERIDERM AND CORTEX 

The individuals of family 85, progeny of a plant of unknown tuber 
rolor, are classified in table 4 in four color classes. The frequencies 
suggest a relation of 3: l for periderm color and 9:7 for cortex color. 
A comparison of the observed frequencies with the combined ratio of 
27:21:9:7 for the two character pairs show good agreement, P equal¬ 
ing 0.54. It appears that in family no. 85 a factor for periderm color 
is segregating independently of two factors for cortex color. 

Table 4. —Segregation of periderm and cortex color in family no . 85 


ITogenj having indicated color 


Item 


| Red iiendcrm, ^ 
red coitex | 

Red periderm, 
v\ lute cortex 

, 

White periderm, 
led cortex | 

White periderm, 
v hitc cortex 

| Total 

Observed 

i 

kk 

66 1 

31 

16 

200 

Calculated 

i 

i 

M 

66 | 

2k 

22 

200 


The absence of blue periderm-red cortex and red periderm-blue 
cortex individuals in family no. 100.27, progeny of a cross between a 
blue-periderm and a red-cortex parent, as recorded in table 5, suggests 
(hat the factor f J may operate in both periderm and cortex to change 
red color to blue. This view is in harmony with the data^relating 
to progenies of crosses between the Rural , a smooth white tuber 
variety, and three selected parents, as recorded in table 6. Color 
was confined to the periderm in blue and red individuals in family 
no. 50.31 whose pollen parent was a red-periderm seedling. Red 
and blue color characterized only the cortex in those families whose 
pollen parents were derhed from red-cortex parents. The 3:1 rela¬ 
tion of blue to red apparent in each of these progenies suggests that 
the Rural may June been heterozygous for two duplicate factors, 
P and P', each capable of changing red periderm and red cortex to 
blue. 

Tables. Color classes in a cross of blue periderm X r ed cortex {accession no. 

12.) > 11 3 ft), family no. 100.27 


Cortex color 


Blue 

Red 

White 


Progeny having indicated 
periderm color 

_I Total 


Blue 

Red 

White 

I Ulttl 

Numbtr 1 

Numbtr 

Number 

Number 

6 1 

0 

4 

9 

0 ! 

3 

1 

4 

• y i 

1 

3 

13 


4 

8 

26 


— — _ 

— --- 

_ _ 
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Table 6 .—Color in periderm and rorlex in progenies of crosses between the Rural 
variety and certain pollen parents 


Famib 

DO 

Parents and color 

Progonj ha\ ing color in— 

Poriderm 

Cortex 

| Total 

Blue 

Red 

1 Blue , 

Red 

White 



Number 

Number 

Number 

Number 

Number 

Number 

50 31 

Rural (white X no 5-3-2 (red periderm) 

20 

3 

0 

0 

30 

63 

56 31 

Rural (white) Xno. 7-1-2 (while) 

0 

0 

26 

0 

26 

61 

31 

Rural (white) X no 11-4-15-2(white).— 

0 

0 

31 

14 

26 

71 


SUMMARY 

This paper is concerned with the inheritance of color in periderm 
and cortex of the potato, Solarium tuberosum L. 

The segregation of red and white periderm color in progenies of 11 
selfed potato plants has been explained by assuming that the comple¬ 
mentary action of factors E, S, and F produced red color in the peri¬ 
derm and that certain parents carried duplicate factors. 

The inheritance of red cortex color has been explained by assuming 
that the complementary action of factors (\ R ) and l) produced red 
color in the cortex. 

In one family a factor for red periderm color was segregating inde¬ 
pendently of two factors for red cortex color. 

Blue color in periderm and cortex has been referred to two factors, 
P and P each capable of changing red periderm and red cortex to 
blue. 

The observations suggest that while certain factors affect color 
in only one tissue other factors influence color in both periderm and 
cortex. 
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THE EFFECT OF CALCIUM CARBONATE AND SODIUM 
BICARBONATE ON THE TOXICITY OF GOSSYPOL 1 

li\ Willie D. Gallup, assistant chemist , and Rittit Reder, associate chemist , 
Dc payment of Agricultural Chemistry Research , Oklahoma Agricult in al Experi¬ 
ment Station 

INTRODUCTION 

In a previous study of the influence of certain dietary constituents 
on the response of rats to gossvpol ingestion { 2 ) * the authors showed 
that the toxicity of diets containing known amounts of gossypol was 
materially reduced when the diets were made basic by the addition 
of calcium carbonate and sodium bicarbonate. When the diets were 
made acidic by the addition of calcium chloride, only indirect evidence 
of a slight decrease in toxicity was obtained. Decreased toxicity was 
observed also when the protein content of the diet was increased from 
13 percent to 35 percent. The conclusion was drawn that diets of 
high protein content and basic diets, of high calcium content are 
favorable to the detoxication of gossypol. 

Considerable importance is attached to the results since calcium 
and protein are variable ingredients in diets used for the bio-assay of 
gossypol. The importance of these constituents in feeding cottonseed 
products to lhestock has not been fully determined, although the 
value of supplementary protein in cottonseed-meal rations for pigs 
has recently been pointed out by Robison ( 5 ). 

In view of the fa'\ ora bio results obtained with sodium bicarbonate 
and calcium caibonate, it was deemed desirable to determine the pro¬ 
portion of these salts which would offer the greatest degree of pro¬ 
tection against gossypol injury and to determine the \alue of each 
salt in the presence of moderate amounts of the other, as the principal 
elements of both are requisite for a normal nutritive condition. The 
present paper reports the results of this study. The results of other 
experiments, in which calcium altered the inhibiting effect of gossypol 
on the hydrolysis of fat In lipase, are also reported. The results of 
these studies are offered as further evidence of the important part 
played by calcium in the detoxication of gossypol. 

MATERIAL AND METHODS 

The manner of conducting the feeding experiments, in which albino 
rats were used as experimental animals, has been described in a 
previous paper { 2 ). 

The percentage composition of the basal diet to which varying 
amounts of sodium bicarbonate and calcium carbonate were added was 
as follows: Cottonseed 10, starch 49, casein 24, yeast 5, cod-liver oil 
3.5, salt mixture (3) 3.5, and Crisco 5. The cottonseed contained 0.60 
percent of gossypol. Control diets were made up with.gossypol-free 

* Received for publication Aug 19, 1935, issued February, 1936 A preliminary report of this work 
was presented before the American bociety of Biological Chemists in Detroit, Mich , Apr. l(H3 f 1935. 
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cottonseed. Fresh diets were prepared weekly, atwhich time the 
prescribed amounts of ealciuni carbonate and sodium bicarbonate 
were added. In one experiment sodium bicarbonate w^as added to 
the basal diet at the time of feeding, and any food residues from the 
previous day were discarded. This procedure was followed as a pre¬ 
caution against the possible destruction of the gossypol, by contact 
with the alkali, before ingestion. 

In the lipase studies the general procedure of Willstatter, \Aald- 
sehmidt-Lcitz, and Menimen (7) was followed. A glycerol extract of 
pig’s pancreas was used as a source of lipase. The fresh tissue was 
dried with acetone and ether and ground in a mortar with 1(> times 
its weight of XO-perecnt glycerol. After standing at room temperature 
for 1 hours or longer, with occasional shaking, the solution was 
filtered through filter paper and stored in an electric refrigerator. 

Neutral olive oil was prepared by shaking a high-grade commercial 
oil with an equal volume of 1-percent sodium hydroxide in a separatory 
funnel at f>0° C\ After the aqueous layer had been removed, the oil 
was thoroughly washed with hot water and dried in the electric oven 
at HM)' (\ for 0 hours. 

A 2-percent solution of egg albumin was prepared by dissolving tbo 
dry powder m an excess of ammonium hydroxide and, after this had 
boon shaken for several hours, removing tin* excess ammonia with a 
current of warm air. 

Two butler solutions were prepared. One was composed c400 parts 
of N 1 ammonium hydroxide and b‘U parts of M ammonium 
chloride and had a p 11 of S.t) at <‘U)° (\ The other buffer solution w r as 
composed of e(|iial parts of \ 2 acetic acid and N/2 sodium acetate 
and had a pll of J.7 at ;$0°. 

A 1-percent solution of calcium chloride was made up with the* 
chemically pure salt. Oossypol was prepared and purified according 
to methods described by 01 ark [1 ). 

Determinations of the rate of hydrolysis of olive oil by lipase in the 
presence of caleium and gossypol were made in the following manner 
(/ f ). (>nc-half cubic centimeter of lipase extract, cubic centimeters of 
olive oil containing various amounts of gossypol, 2 cubic centimeters 
of the alkaline buffer solution, 1 cubic centimeter of calcium chloride 
solution, and sufficient amounts of a dilute glycerol solution to keep 
th<* total volume of the water 11 cubic centimeters and the total 
volume of glycerol 2 cubic centimeters, were shaken together in a 
small Krlenmeycr flask. One cubic centimeter of egg-albumin solution 
was then added, and after being shaken for d minutes, the ilask was 
placed iu a constant-temperature water bath held at :w° C L 0.2 for 2 
hours and :>7 minutes. At the end of this time the contents of the Ilask 
were washed into a 2.70-cubic centimeter Erlenmeyer flask with 112 
cubic centimeters of tin-percent alcohol. Twenty’cubic centimeters 
of ether was added and the fatty acids titrated with N 10 alcoholic 
sodium hydroxide, (hymolphthalein being used as an indicator. Blank 
determinations were carried out without the addition of the enzyme. 

Determinations in which calcium and albumin were omitted were 
made in the manner described above. In another series of experiments 
the gossypol was dissolved in the buffer instead of in the oil. In a 
thud series of experiments hydrolysis was carried out in an acid 
medium with 2 cubic centimeters of the acid buffer solution replacing 
the alkaline buffer solution. The gossypol w as dissolved in the oil. 
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EXPERIMENTAL RESULTS 

feeding experiments WITH calcium carbonate and sodium bicarbonate 

Data obtained with rats which received diets containing 0.06 per¬ 
cent of gossypol and varying amounts of calcium carbonate and 
sodium bicarbonate, together with their controls, are shown in table 1. 

Table 1 shows a conspicuous difference between the food intake of 
animals receiving gossypol and the intake of their controls. That 
of the rats on gossypol was noticeably increased by the addition of 
sodium bicarbonate to the diet. The same result was obtained with 
combinations of this salt with calcium carbonate, although the latter 
by itself tended to decrease the food intake of rats on gossypol diets. 
The average food intake of the gossypol rats on diets containing 3 
percent of sodium bicarbonate slightly exceeded that of their controls, 
being 5th) grams as compared with 585 grains. Similarly there was 
very little difference between the food intake of the controls and that 
of the gossypol rats on a diet to which a combination of 2 percent of 
sodium bicarbonate and 2 percent of calcium carbonate had been 
added. The increase in food consumption on the part of the rats on 
gossypol is taken as an indication of improvement in the nutritive 
condition of the animals. 

The average gains in weight of rats on the gossypol diets likewise 
increased with increasing percentages of sodium bicarbonate in the 
diet. At the 3-percent level, sodium bicarbonate was particularly 
effective in producing an increase in their gains. The greatest average 
gain for the rats on gossypol, 11S grams, w as made on a diet containing 

2 percent of calcium carbonate and 2 percent of sodium bicarbonate, 
although the average gains made by gossypol rats on diets containing 

3 percent of sodium bicarbonate or a combination of 2 percent of 
calcium carbonate and 1 percent of sodium bicarbonate approached 
this value. 
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1 The sum of the averages obtained with males and females divided bv 2. 

7 2 percent of sodium bicarbonate added daily to gossypol diet The figures presented for the controls m 
this group are those given for the controls in the proeoding group 

An important point brought out in table 1 is that the addition of 

2 percent of calcium carbonate by itself effected no improvement in 
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the growth of the gossypol or control rats; its addition in combination 
with 1 percent or 2 percent of sodium bicarbonate produced a notice¬ 
able improvement in the gains made by the gossypol rats, increasing 
their a\erage gain from 88 grams to 102 and 118 grains. This com¬ 
bination of salts was likewise more effective than single additions of 

1 percent or 2 percent of sodium bicarbonate. 

It should be noted that in the case of the control rats the addition 
of sodium bicarbonate, especially in amounts exceeding 1 percent, 
either alone or in combination with calcium, was unfavorable to gains 
in weight and in one instance (3 percent of sodium bicarbonate) caused 
decreased food consumption. Since the opposite effect w r as produced 
in the case ol the rats on gossypol, the difference between gains made 
by control and gossypol rats on diets containing over 1 percent of 
sodium bicarbonate becomes small, being 5f> grams or less, as com¬ 
pared with 82 grams. One criterion used to judge the effectiveness of 
each dietary alteration is that the effect so produced be more apparent 
in the performance of the rats on gossypol than in their controls. It 
seems reasonable therefore to believe* that by the addition of such a 
readily soluble base as sodium bicarbonate conditions are produced 
that are favorable to the detoxication of gossypol although unfavorable 
to the growth of animals on a normal diet. 

In order to facilitate a comparison of the gains made by gossypol 
rats on what appeared to be the least effective combinations of salts 
with those that received the most effective combinations, tlm animals 
have been divided into three groups. Group 1 includes the rats which, 
with respect to salt additions, received the following three diets: 
No addition, 1 percent of sodium bicarbonate and 2 percent of calcium 
carbonate. These made average gains between S7 and 92 grams. 
Group 2 consists of those which received 2 percent of sodium bicar¬ 
bonate. In group 3 are those which received 3 percent of sodium 
bicarbonate and the two combinations of sodium bicarbonate and 
calcium carbonate. These made average* gains between 102 and 118 
grams. The average gain in weight made by the rats that received 

2 percent of sodium bicarbonate falls between the average gains in 
weight of the rats in the first and third groups. The average gains 
and standard delations of the means for males and females in these 
three groups are gn en in table 2. The formula used for the standard 
deviation was 



in which 

a standard delation of the average, 

~<I J >um of the delations from the a\erage, squared, and 
A —number of observations. 

Table 2 shows the beneficial effect of increased amounts of calcium 
carbonate and sodium bicarbonate in diets containing gossypol. 
Although it is not possible to make a sharp distinction between the 
different amounts and combinations of these salts with respect to 
their detoxicating properties, the amounts added to the diets of group 
3 were undoubtedly more effective than tlie single additions to the 
diets of group 1. This is more apparent in the average growth of 
females than of males. That this result w as not due to the increased 
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nutritive value of the diets is shown by the performance of the 
control rats. 
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LIPASE STUDIES 

The effect of increasing amounts of gossypol on the hydrolysis of fat 
by lipase, both alone and in combination with calcium and albumin is 
shown in table T In experiment 2o, which w as carried out in a system 
with an initial pH of X.P, the inhibition of hydrolysis produced by 
S milligrams of gossypol dissolved in the oil amounted to (>tt percent. 
In the presence of calcium, a substance which normally activates the 
reaction, hydrolysis w as practically stopped b> Milligrams of gossypol. 
r Phe same result was obtained when both activators, calcium and 
albumin, were present. 

In e\])criment 20, in which another enzyme preparation w r as used 
gossypol was dissolved in the buffer solution. In the absence of 
activators, a maximum inhibition of r>8.(> percent was produced by 
S milligrams of gossypol. With albumin as an activator, the amount 
of inhibition was slightly increased by 12 milligrams of gossypol. In 
the presence of calcium, however, this amount of gossypol practically 
stopped hydrolysis. 

Experiment 28 was conducted in a system with an initial pi I of 4,7. 
This was secured by replacing the alkaline buffer solution with an 
acetate buffer solution. In this system, albumin inhibited the hydrol¬ 
ysis, and calcium w T as without appreciable effect. The amount of 
inhibition produced by 12 milligrams of gossypol dissolved in the oil 
was approximately the same as that in experiment *2.*), being 71.<8 
percent. Gossypol in the presence of calcium did not completely 
prevent hydrolysis, as it did in the presence of the alkaline medium. 

The correct interpretation of these results based upon proven facts 
must necessarily await more complete know ledge of the action of both 
lipase and gossypol Three important facts lm\e been established: 
G) Gossypol inhibits lipase activity in basic and acidic media; 
(2) complete inhibition by gossypol in an alkaline medium is depend¬ 
ent upon the presence of calcium, and in an acid medium the degree of 
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inhibition js independent of the calcium; (3) calcium precipitates 
gossjpol iiom an alkaline solution (2). 
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DISCUSSION 

The foregoing feeding experiments have demonstrated the beneficial 
effect of sodium bicarbonate and calcium carbonate on the growth of 
rats receiving toxic diets which contained 0.06 percent of gossypol. 
The increased growth of the rats which received 3 percent of sodium 
bicarbonate or combinations of 1 and 2 percent of sodium bicarbonate 
with 2 percent of calcium carbonate was shown to be due to the action 
of these salts on gossypol since no corresponding increase in growth 
rate was produced by the addition of these salts to a gcssypol-free diet 
of the same composition. In fact sodium bicarbonate in amounts ex¬ 
ceeding 1 percent pro\ ed detrimental to the growth of rats on gossypol - 
free diets. That the beneficial effect of these salt additions was not 
due merely to an increase in potential alkalinity of the diets is shown 
in the poor performance of the animals that recened 2 percent of 
calcium carbonate. In other experiments (unpublished) 3 percent of 
calcium carbonate has likewise been found to be ineffective. 

The value of 3 percent of sodium bicarbonate in gossypol diets is 
attributed to the solubility of this salt with the production of an 
alkaline medium in which gossypol is very reactive and unstable. 
Conditions are thereby made favorable for the reaction of gossypol 
with calcium and possibly other constituents normally present in the 
diet (£). Iron salts are particularly efficacious detoxicants. 

The inability of calcium salts to detoxicate gossypol in the absence 
of sodium bicarbonate was in all probability due to an unfavorable 
reaction medium. When dissolved in dilute alkali, gossypol is slowly 
precipitated by calcium salts. 

The activity of gossypol in an alkaline medium and its probable 
reaction with calcium was again indicated in a study of the effect of 
gossypol on the hydrolysis of fat by lipase. Gossypol inhibited the 
hvdrolysis in both acidic and basic media, in an acid medium the 
degree of inhibition produced by gossypol was unaffected by the pres¬ 
ence of calcium. In an alkaline medium, inhibition by gossypol was 
altered by calcium; and, despite the activating action of calcium, 
hydrolysis practically stopped under these conditions. Apparently 
a reaction took place between calcium and gossypol which imolved 
the enzyme. A reaction between gossypol and the activator-enzyme 
complex of which calcium is a part seems probable. 

SUMMARY 

The effect of calcium carbonate 1 and sodium bicarbonate on the 
toxicity of gossypol diets was determined by feeding experiments with 
young rats. The experimental diets were made up with 10 percent 
of cottonseed which contained 0.6 peicent of gossypol. Calcium 
carbonate and sodium bicarbonate were added to the diets in varying 
proportions and amounts. Similar additions were made to control 
diets made up with gossypol-frce cottbnseed. The criterion used to 
judge the effectiveness of these salt additions in modifying the dele¬ 
terious action of gossypol was that the effect so produced be more 
apparent in the grow th of the rats on gossypol diets than in that of 
their controls. 
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The bo*l growth of the rats receivinggossypol was obtained with 
u diet to which 2 percent of calcium carbonate and 2 percent of sodium 
bicarbonate lmd boon added. Next in value were diets to which 3 
permit of sodium bicarbonate or a combination of 2 percent of calcium 
carbonate and 1 percent of sodium bicarbonate had been added. It 
uas cudent from the performance ot the control rats that the bene¬ 
ficial eireet ot these salts nas due to their action on gossypol and 
not merely to then influence on the nutritive properties of the basal 
diet 

The Milne of sodium bicarbonate in conjunction with calcium car¬ 
bonate m in the presence of normal amounts of dietary calcium, was 
attributed to its solubility with the production of ail alkaline medium 
in which gossypol is unstable and susceptible of precipitation by 
calcium. Support for this belief was found in a study of the effect 
of gossypol on the hydrolysis of fat by lipase, a process which when 
initiated in an alkaline medium, is actuated by calcium. 

in a system with an initial pH ol 4.7 (acid legion) 12 milligrams ol 
gossypol inhibited but failed to pre\ent hydrolysis. This result was 
obtained both in the presence of calcium and in its absence fn a 
similar system with an initial pH of 8.9 (alkaline region) gossypol, in 
the absence ol calcium, only inhibited hydrolysis, whereas in the 
piesence of calcium, 8 milligrams ol gossypol almost entirely pre- 
\ented li\diolysis 

The condusion is diawn that the action ot calcium earlxThate and 
sodium bicai bona to in gossy pol diets is one ol detoxication, involving 
aieaction between gossypol and calcium in an alkaline medium 
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APPARATUS and procedure for SEPARATING COT¬ 
TON ROOT ROT SCLEROTIA FROM SOIL SAMPLES 1 

By C. II Rogers 

Planl putholoqi'tl, Tcvai Aqiuullural Erpeumenl Station 

INTRODUCTION 

In field studies of rotation, cultural, and soil-amendment practices 
in relation to the control of the cotton root rot disease, caused by 
Phymatotrichvm omnimrum (Shear) Duggar, the number or percent¬ 
age of dead and dying plants and crop yields has been used as a meas¬ 
ure of the effectiveness of the treatment. How the causal organism 
is affected by such practices has received little or no attention. 

The disease is perpetuated by sclerotia or resting bodies and in¬ 
fected roots with superficial or closely associated mycelial strands. 
Tn clean fallows and fields planted to nonsusceptible crops, if no 
infected roots of susceptible plants are present, sclerotia are the only 
means of carrj-o\ or In the black Houston clay soils and other soil 
type's of central Texas the sclerotia are brown in color when mature 
and \ar\ from less than a millimeter to a centimeter or more in size 
The bulk of sclerotia are found at soil depths of between S and 36 
inches. Inasmuch as sclerotia may be present in large quantities and 
may remain viable tor a number of years, it is important to know how 
any control treatment affects their viability and dissipation. 

To study sclerotia in the laboratory it is necessary to separate 
them from the sod Because of their small size it is impractical to 
separate by hand during a season or part of a season sufficient samples 
to be of much value Washing in screen flats with a garden hose, as 
reported by xanous workers 114 is a method applicable only to pot 
or other small samples By means of the apparatus and methods 
here descnbed, fiom 10 to 15 barrel samples of soil, weighing from 2 
to 4 tons may be handled, and the sderotial separation completed in a 
single day. 

DESCRIPTION OF APPARATUS AND WASHING PROCEDURE 

The machine used in the initial separation of sclerotia and soil is 
shown in figure 1 The essential parts of the machine are the frame, 
the cradlelike hoisting or tilting and feeding device, a vertically 
mounted, eoarse-mesh cylinder screen with agitator, a fine-mesli 
horizontal screen below the cylindrical screen, and a splash-drain xat 
below and surrounding the lower screen 

Received foi puhlu i ion 0, HH5 issued Iebruun l'Hh < ontnbution no 33G, 'Iethmuil Senes, 

T t \ vs Art h xpt stu 

Kind, (' J vnd Hope, C wstuiiu iion of th* cotton root rot h v.i s In son and in hast 
tissues IN RRl ATION CONTltOI IO DISINFH TVNTS Jtlllf \ri Resell!Cll 45 725 740, lllus 11H2 

- , Uoil, r and I vton.L D tiif cotton root rot h v.i s inok.lnui s in aki/ona wsi-rts 

"Lienee (n s ) 75 4S-1W 1412 

4 Iauhfniiauh J J uni I /*kill, YV \ mftiiods of samiiiv for scifrotia Te\ \pr P \pt 
St i. Anri Kept 45 GO-M 19J2 


Journ ll of ARnculLuril Research, \ol 52, no 1 

^ashinpton, D ( Jan 1, l'HG 

Key no 'I < \ -13 



74 


Journal of Aqtuultnral Research 


\ ol 52, no 1 


The frame proper is made of \ bv 2 by 2 inch angle iron, braced 
with M-inch steel plate \ll the joints are welded At the base, the 
machine is 22 b\ 22 me lies, tapering to a smaller dimension at the top 



It is appioMinateh 10 inches high V bow Hike chute, made of %- 
inch plate is welded mound the top of the machine and tapeis down¬ 
ward to the upper edge of the \ertical scieen cylinder It is made 
wide enough foi sam])les to be ponied m or washed fioin a barrel 
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without any wuiste. The machine is driven bv a small electric motor 
(one-third horsepower), seated on a swinging base. The large pulley 
used on the main drive shaft reduces its speed to approximately 2f>0 
revolutions per minute. The motor and belt are protected from 
splashing water by a panel of 18-gage iron bolted to the side of the 
frame adjacent to the motor. The main shaft and the eccentric and 
agitator shafts, mentioned later, are equipped with ball bearings, 
lubricated through grease cups. 

Inasmuch as barrel-size samples are usually used in this work, a 
hoisting and tilting frame is attached to facilitate handling. Jt is 
made of the same material as the frame of the machine, and is con¬ 
structed of such a height that the upper edge of the barrel extends 
about b inches over the chute around the top of the vertical screen. 
The top of the frame is hinged from the edge of the chute. A half¬ 
ton chain hoist attached to a rafter provides for the necessary lifting 
power. Oil drums of uniform height are used for sample containers. 

Because of the puddling and the -highly colloidial nature of the 
Houston soils, it is necessary to use a rather large quantity of w ater 
and thorough agitation to screen the material rapidly. The sample is 
iirst washed through the coarse cylinder screen and drops onto a liner 
screen below. 

This cylinder screen is 12 inches in diameter, and 15 inches high, 
and is made of 8 by 8 mesh (8 meshes per linear inch) no. 10 (Washburn 
& Moen gage) iron wire. The openings and wire are each one-six¬ 
teenth of an inch in diameter, it is necessary to use a heavy wire, 
because of the harsh action of shell and pieces of plant stems or occa¬ 
sional small rocks that are present in samples of soil. The agitator 
in this screen cylinder is made of 1 Jo-inch shafting with small rods 
inserted through the low er 15 inches of the shaft in a staggered manner. 
It is rigidly supported at the top with ball hearings and is operated 
from the pulley or main shaft by labeled gears. The size ratio of 
the two gears is such that the speed of the agitator is reduced to 150 
r. p. m. Bearings and gears are enclosed to retain oil and protect 
them from silt and water. 

To keep the sample in suspension as much as possible while agitation 
and screening are taking place, the w a ter is supplied through numerous 
vents in a remo\able compartment at the bottom of this screen. 
This water-inlet compartment is shown partially removed in figure 
2, A. It is also made of 'M-inch steel plate, with vents one thirty- 
second of an inch in diameter spaced about 1 inch apart over the top 
surface. A connecting hose supplies water under enough pressure to 
eject streams upward 2 or 8 feet through the small vents. The inlet 
compartment is held snugly against the bottom of the cylinder by a 
grooved flange support. Since the greater number of the sclerotia 
pass through this screen, it is necessary to pass the material on to a 
finer screen. 

The horizontal screen, upon which*the washings fall, is 8b inches 
long, 24 inches wide, and 4 inches deep. It is made of 85-mesh no. 
29 (Washburn & Moen gage) brass-wire cloth with openings of 
0.018b inch. No. 12 sheet steel is used for the framework for this 
wire. Screen surfaces are provided at each end of the screen as well 
us the bottom, but the sides are solid (fig. 2, B). A reciprocating 
motion is provided for the screen by an eccentric shaft (fig. 1, A, a). 



76 


Journal of Agricultural Research 


Vol 82, no 1 


The length of screen stroke is varied by changing the position of the 
attachment on the lower end of the eccentric shaft on the arm of the 
screen-propelling shaft A stroke of 2 inches is most satisfactory. 



( iourk 2 — 1 C lose \ tew of p irt of the machine show ing t ylinder screen w ater inlet and hose horizontal 
screen supporting shafts (o a) an 1 splash drain vat (b) B horizontal fine mesh screen 

The scieen is supported by the two shafts shown m figuie 2, A, a , a, 
and is held in place by foui pieces of U iron, welded on the bottom of 
the screen fiame To withstand the grinding action of silt and 
water, these pieces of U iron are lined with a hard steel alloy. The 
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areas on the shafts where these bearings rest are coated with the same 
material. To remove the screen, it is necessary only to lift it from 
these shafts. These two shafts are suspended by arms at each end 
from 4-inch plain bearings, each supplied with a grease cup. The rear 
shaft and arms hang loose, but the forward, or propelling, arms and 
shaft, are rigidly connected to the eccentric. A rubber hood is tied 
over each of the bearings to preserve them against silt and water. 

To aid screening on the fine-mesh screen and facilitate proper drain¬ 
age, a pyramid-shaped vat is supported around and below the screen. 
Water and silt from the vat are drained tlirough a 2-inch drainpipe. 
While in operation, the water level in this vat is kept only about half 
an inch above the bottom of the screen by an adjustable overflow in 
the wall of the vat (fig. 1 , A, b). By keeping the water at this low 
level, screening is not only accelerated, but splashing, caused by the 
movement of the screen, is reduced to a minimum. A valve in the 
drainpipe is controlled from above the floor by an extension handle, 
shown projecting just below the motor in figures 1, A , and 2. A . 
This valve is left partially open during screening to allow silt to move 
out freely. The vat is quickly filled or emptied by closing or opening 
the valve. 

In screening a sample of soil, the sample is either emptied by hand 
or washed from a barrel into the cylinder screen. The finer particles, 
and most of the sclerotia, are washed through the cylinder onto the 
horizontal screen below. When screening is complete, the water 
inlet, at the base of the cylinder screen, is partly or entirely slid from 
its flange support and the residue dumped or washed onto the lower 
screen. The lower screen is then removed and the total residue of 
both screens washed into a suitable container. There is usually 
about half a gallon to a gallon of this residue left from a barrel of 
Houston soil. It is composed primarily of shell and bits of organic 
matter and any sclerotia that might be present. 

RELATION OF RETENTION OF SCLEROTIA TO SIZE OF SCREEN 

To determine just how fine a screen should be used in order to 
retain all sclerotia in screening procedures, a number of screens of 
different-size meshes have been used. The finest wire previously 
used was a 20-mesh per inch, similar to ordinary window screen. In 
a series of tests, an 18-mesh iron wire was used on the cylinder, a 
40-mesh brass wire on the lower screen, and GO-mesh brass wire was 
placed under the outlets of the drain and overflow pipes. These 
tests showed that an average of 70 percent of the sclerotia passed the 
18-mesh wire but that none passed the 40-mesh wire, as is shown by 
the fact that none was caught on the 60-mesh wire. The 18-mesh 
wire on the cylinder screen has since been changed to the heavier 
8 by 8 mesh, and the wire on the horizontal screen has been changed 
from the 40-mesh to the 35-mesh. This 35-mesh screen is made of 
heavier wire than the 40-mesh and has approximately the same- 
size openings. Rea 6 found, in a number of tests, that 80 percent 
of the sclerotia passed a 16-mesh brass wire and 7 percent passed a 
30-mesh wire. The openings in this 30-mesh wire were 0.021 inch 
and were considerably finer than any previously reported as being 
used for this work. 

*Rba, H. E. reclaiming cotton root rot sclerotia from soil samples. Tex. Agr. Expt. Sta. t 
Substa. 5, Add. Kept. 1933. [Not published.] 
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SEPARATION OF SCLEROTIA FROM SCREEN RESIDUE 

To further reduce the amount of material from which sclerotia 
must be picked, the residue is stirred with a sugar solution of specific 
gravity of 1.15 to 1.25, or about 110 to 150 parts of sugar to 100 
parts of water. This allows the sclerotia, which are slightly heavier 
than water, to float, while the heavier shell and gravel sink. The 
sclerotia, along with other light organic matter, are then decanted off. 
To assure the removal of all the sclerotia, tliis procedure is repeated 
twice. A few other materials were tried for this purpose. Sugar 
was found to be the best, however, because it is not expensive, is 
not toxic to sclerotia, and is readily obtainable. The sugar solution 
is kept at the desired specific gravity by testing with a hydrometer 
and adding sugar when necessary. When sclerotia are to be sepa- 



Fk.uki.3 S( rwn residue left after wishing a birrelof soil ( 1), sclerotia (Z>) and rubbiib (C) have been 
seiurated from shell and gravel (B) with sugar solution 


rated with the sugar solution, the material in the container is allowed 
to stand a few seconds after being stirred before the decanting is 
begun The sclerotia and residue are then decanted onto a fine- 
mesli strainer and washed thorougldy under the tap to remove all 
sugar. In figure 3 are show n the fractions in the separation procedure. 
The three dishes at the right (B, C, D) contain the total amount of 
screen residue from the barrel of soil at the left. The two Petri 
dishes (C T , V) contain the organic matter and sclerotia separated 
from the screen residue by using the sugar solution. The Petri diah 
(D) at the right contains the sclerotia (approximately 200) picked 
by hand with forceps from the organic matter in the other Petri dish. 

A number of tests were made to determine whether the sugar used 
in this procedure had any effect on the germination of sclerotia. In 
these tests, quantities of sclerotia were picked from six different 
samples, after they had been screened and just before they were 
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treated with sugar, and compared with sclerotia separated from the 
same samples with the sugar solution. There was very little differ¬ 
ence in the germination of the sclerotia separated by the two methods. 
The average germination of those removed bv hand was 52 percent 
and that of those separated with the sugar solution, 54 percent. 

SUMMARY 

The sclerotial stage of the cotton root rot fungus Phymatotrichum 
omnivorum (Shear) Duggar is one of the most important means of 
perpetuating the root rot disease in Texas. 

Sclerotia in the Houston clay soils of central Texas vary in size 
from less than a millimeter to a centimeter or more. 

Apparatus and procedures for the rapid mechanical separation of 
sclerotia from soil samples are described. 

In the initial machine separation, the soil is reduced to a finely 
divided state by the aid of water and a rotary agitator in a coarse- 
mesh cylinder screen. The material passes onto a finer screen par¬ 
tially submerged in water and moving in a reciprocating manner. 
As much as one-half gallon to a gallon of residue consisting of shell, 
gravel, and sclerotia remain in both screens when a barrel-size sample 
of soil is mechanically separated. The sclerotia are floated from the 
heavier shell and gravel residue by stirring in a sugar solution with a 
specific gravity of 1.15 to 1.25. The sugar solution does not affect 
the viability of the sclerotia. 
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MODIFICATION OF A MENDELIAN RATIO IN MAIZE BY 
POLLEN TREATMENTS 1 

By J H. Kempton 

Botanist, Division of Genetics and Biophysics, Bureau of Plant Industry , United 
States Department of Agriculture 

INTRODUCTION 

Of the millions of pollen grains produced by a single maize plant 
(Zea mays L.) not many more than 1 in 25,000 effect fertilization; 
the others perish. To a large extent chance determines which grains 
function and which are wasted, but survival or demise is not wholly 
a matter of chance. An element of selection intervenes, resulting m 
a differential survival \alue of certain sorts of pollen grains. 

Some pollen grains bear withm them a hereditary pattern that 
precludes functioning irrespective of external agencies. Others have 
a genetic complex that enables them to survive certain unfavorable 
environments. An example of the latter class is found in the so-called 
waxy gene—the hereditary element that produces a form of starch 
giving a red instead of a violet reaction with iodine. Pollen grains 
possessing the waxy gene, and in consequence having red-staining 
starch, sometimes survive conditions that are lethal to grains con¬ 
taining the form of starch normal to commercial varieties. 

Some years ago, in the course of an investigation of the factors 
afieeting variability of cross-over ratios in maize, it was unexpectedly 
discovered that the proportion of functioning pollen grains bearing 
the waxy gene to those bearing its dominant allelomorph could be 
profoundly altered by storing the pollen for several hours in the 
sunlight. Storage for tho same length of time in the dark was in¬ 
effective. 

This phenomenon was verified for 3 successive years, while at¬ 
tempts were made to standardize treatments and develop a technique 
that would result in a uniform reaction. Satisfied by these early 
experiments that the observed results were real, a project was launched 
in an attempt to determine the causal factors that operated during 
the storage period. The results were disconcerting in that tho effects 
of many of the treatments contradicted tho work of previous years. 

Consequently a return was made to the original technique, with the 
surprising result that treatments formerly effective in increasing the 
proportion of functioning waxy 2 pollen grains were found now to be 

1 Received for publication Sept 19, 1935, issued March 1910 

*The two sorts of pollen grains dealt with in this study are designated “horny” or “wax\” deluding 
upon which member of the allelomorphic pair Wx % wx th$y bear No ambiguity should result from this 
practice, and bj this means the awkward expressions “waxy bearing" and “nonwaxy bearing” are a\oi<ied 
while the advantage of contrasting names is obtained 
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lethal. Pollen exposed to direct sunlight lor periods even as short as 
10 minutes was completely devitalized. 

The accumulating inconsistencies, probably rather more than the 
merits of the problem itself, stimulated further investigation and 
prolonged the study. Much remains to be done before a complete 
Knowledge is attained of the factors that bring about the differential 
functioning of these two sorts of pollen grains. Definite evidence has 
been obtained that even with genetically uniform stocks the pollen 
of some plants behaves differently under adverse treatments from 
thut of others. Clearly the conditions under which pollen is pro¬ 
duced are important factors in determining its subsequent reaction. 
Since the conditions operating throughout the maturing of pollen are 
largely beyond artificial control it is e\idcnt that physiologically 
identical pollen samples are not to be had from place to place or from 
season to season. 

It is still not possible to outline a treatment that will produce a 
predictable alteration in the proportion of waxy to horny functioning 
pollen grains. However, some of the difficulties encountered in these 
investigations and the moans employed to surmount them may bo of 
interest to those undertaking similar studies in the physiology of 
pollen 

In the course of this study extensive data have been assembled, and 
it is the purpose of the present paper to summarize this accumulated 
information. 

REVIEW OF LITERATURE 

The literature on the effect of pollen storage on Mendelian ratios 
is brief, but sev eral papers on gametic selection hav e a direct bearing 
on this subject. 

Knowlton US), 1 in a study of pollen longevity, found that the 
maximum duration of fertilizing power of pollen of Golden Bantam 
sweet corn was from 70 to 80 hours. lie concluded that the death of 
corn pollen is caused by desiccation but pointod out that moisture is 
not tlie only important factor since life is not greatly prolonged by 
storage under conditions which retard evaporation. He failed to 
obtain seeds with pollen stored over calcium chloride at a temperature 
of 84° C., but his shortest period of storage in this experiment was 
('» hours. 

In several of Knowlton’s experiments the percentage of functioning 
grains was higher after a long period of storage, as, for example, when 
pollen w as stored at a humidity of 80 to 90 percent at 20° (.’. With 
pollen trented in this manner lie obtained the following percentages 
of fertilization: 24 percent at 6 hours, 07 percent at 24 hours, 82 
percent at 30 hours, 5 percent at 36 hours, 23 percent at 48 hours, and 
0 percent ut 54 hours. These percentages were obtained by counting 
the fertilized and unfertilized ovules in each ear, but only the number 
of ears is given. In the experiment just mentioned, two oars were 
used for each period with the exception of the 48-hour period, when 
throe ears were pollinated, and of the 54-liour period, in which only 
one ear was pollinated. From the published data no estimate of 
errors is possible, and probably none is justifiable because;of the 
great variability, but it is of interest to observe that apparently 
certain storage conditions are favorable to longevity of corn pollen. 

* Keferenee is made by number (italic) to Literature Cited, p 120. 



Jail 15,1936 


Modification of a Mendelian Ratio in Maize 


83 


Knowlton (IS, p. 787 ) states: 

The results from the storage experiments with pollen were exceedingly variable. 
Many factors that are difficult to control may influence the results. Pollen 
produced in different seasons and under diverse conditions is, in some way, 
physiologically different, as is shown by differences in water content, the different 
optimum sugar concentrations required for germination, and the variation in 
duration of life. 

Holman and Brubaker {11 a) tested the longevity of pollen of about 
fifty species when stored in the dark under various degrees of humid¬ 
ity. Tlieir measure of vitality was the ability of the grains to germi¬ 
nate in sugar solutions. Certain difficulties were encountered in 
obtaining uniform samples of pollen, which they believe could be 
obviated by mechanical mixing. However, they noted with several 
species that the lots of pollen contained some grains much longer 
lived than others. They state: 

In brief, il may be said, then, that in the case of many pollens each lot consists 
of a relatively large number of grains which retain their viability for a relatively 
short period, and a smaller number, constituting generally less than 10 percent 
of the whole, which survive storage several times as long as the others. 

They note also that the pollens of the grasses differ from those of 
most other plants tested in that the death of grass pollen is caused 
by the loss of water, whereas lowering the water content extends the 
life of many other plants. 

Brink (3) reports unpublished experiments of Thelma McWilliams 
on pollen storage that not only failed to increase the proportion of 
functioning waxy pollen but in fact showed the opposito effect. In 
those experiments aging pollen tended to lower the proportion of 
effective waxy pollen grains. 

Sprague {til) investigated the time required for germination by 
different sorts of maize pollen on excised silks. He found that on the 
average waxy pollen grains required 3.8 minutes longer for germination 
than did the horny pollen grains. This time differential was very 
much greater when the pollen grains were carrying the sugary gene 
in addition to the waxy one. It is quite possible that the effects 
observed from pollen storage are brought about by changing the time 
required for germination by different sorts of pollen grains. 

Ciesielski (60, working with hemp {Cannabis sativa L.), conducted 
experiments on the alteration of the sex ratio resulting from the use 
of stored pollen. After finding a minor difference in the ratio between 
seeds resulting from early morning pollinations and those from pollina¬ 
tions made in the afternoon, he tried storing pollen in paper. He 
states {6 y pp. 10-11): 

In view of the success of these experiments in fertilization I took up, in 1877, six 
female plants with their roots, before they had fully produced their flowers, and 
transplanted them into pots: as soon as the plants were well-rooted 1 transferred 
the pots to the windows of two rooms looking south, three pots in each room. 
Thereafter, with a brush, I fertilized the three plants in one room with pollen 
which I collected from anthers just dehiscing and not yet fully open (this pollen I 
shall refer to as “fresh”), and the three pots in the other room 1 also fertilized by 
means of a brush, but with pollen taken in the morning and kept in paper till 
evening. The three plants fertilized with “fresh” pollen produced 120 seeds; 
the three fertilized with “stale” pollen produced 90 seeds. 

In 1878 I sowed in my garden with great care the seeds of the two lots sepa¬ 
rately, at distances of 20 centimetres. The 120 seeds derived from fertilization 
wHh fresh pollen produced 112 plants, of which only six were female, all the rest 
being male. But the other 96 seeds, sprung from fertilization by stale pollen, 
produced 89 plants, every one of which was female. I have several times since 
repeated the experiment, always with a similar result. 
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The actual experiment reported leaves no room for doubt as to the 
different sex ratio in the two lots of seed, but since no mention is made 
as to the common source of the pollen it does not follow that the 
results are due to the effects of storage. However, in view of the 
statement of the results of repetitions, there is little reason to question 
the effects of pollen storage on the sex ratio in hemp. 

Mangelsdorf (16, 17) has shown that certain types of maize pollen 
can be sorted mechanically by means of bolting sieves. Although 
size differences in pollen grains have no direct bearing on storage, the 
fact that such differences do exist must be taken into account in 
sampling. 

Bond (/), working with shape and color of seeds in peas, has shown 
that the Mendelian proportions of these characters are altered by 
pollen storage, although he made no direct storage experiments. In 
his investigations pollen was applied to mature and immature stigmas. 
That on the immature stigmas presumably was stored until the stig¬ 
mas were receptive. 

Christie and V\ riedt (5) found a seasonal variation in the Mendelian 
ratios of certain color factors in pigeons and chickens, but they failed 
to discover any seasonal effect on the ratios of yellow and green or 
tall and dwarf peas. 

Correns {Ha) investigated the effect of aging pollen on the sex ratio 
in Mercurialii s. Pollen was stored for various periods up to 120 days, 
and the seeds resulting from the treated pollen w r ere planted with a 
control obtained by the use of fresh pollen. In general it was found 
that the older the pollen the higher the proportion of male to female 
plants in the progeny. 

Malhotra (14, 16) showed that the sex ratio in asparagus could be 
altered by pollen storage. Certain treatments increased the ratio of 
male to female plants whereas other treatments reversed this effect. 

Sisa (20) found that pollen vitality in cucurbits (‘hanged rapidly 
with age. Ho observed that the germinating pow r er of pollen in flower 
buds increased from early morning until 9 a. m. of the day preceding 
blooming. From this time until the flowers opened the germinating 
power decreased slowly, but at 10 a. m. of the day of blooming there 
was a sudden decrease in pollen vitality. 

Nakamura (IS) records a remarkable fluctuation in the occurrence 
of imperfect pollen grains in Imyatiens bakamina L. associated with 
changes in the air temperature. He found that imperfect pollen 
grains varied from 9 to 100 percent, the imperfections being due to 
irregularities in meiosis. Normal cell divisions took place when the 
maximum air temperature was less than 30° C., but at temperatures 
above this point there is nonconjunction, nondisjunction, lagging, 
grouping, etc. Irregularities of this nature are not present to com¬ 
plicate the problem of differential functioning of maize pollen. Classi¬ 
fication of pollen samples by staining with iodine show's great regu¬ 
larity in the ratio of waxy to horny grains, and it must be concluded 
that these tw r o sorts of pollen are formed in the expected proportions. 

Ilaigh and Lochrie (11), in a study of seasonal effect on Mendelian 
ratios in Vigna , found a strong tendency for the plants to produce an 
excessive proportion of recessive forms in the first flowers and a cor¬ 
responding excess of the dominant forms in the last flowers. 

Sasahi (19) cultivated pollen in various nutrient media and also 
studied how long it would retain its power to form pollen tubes. lie 
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concluded that maize pollen was preserved best at 50 percent hu¬ 
midity. He found that the duration of the preservation of fertilizing 
power does not always coincide writh the preservation of the ability 
to form pollen tubes and concluded that the duration of the real 
fertilizing powder must be determined by actual pollinations. 

Got oh (10) shows there are many factors that influence germina¬ 
tion in artificial media. Quality of the glass, hydrogen-ion concen¬ 
tration of the medium, and dryness of the pollen are all important 
factors. Bursting is influenced more by the pH of the medium than 
by osmotic pressure. He found that different varieties of maize 
vary greatly in the percentage of pollen grains that will germinate. 
He found also that pollen with from 10 to 50 percent of shrunken 
grains germinated better than turgid pollen and that the highest 
percentage of germination occurred near the point of greatest bursting. 

METHODS 

As this investigation progressed, several methods of treating pollen 
during storage were tried. These included exposure to direct sun¬ 
light for various time intervals and to artificial light of several in¬ 
tensities, storage in high and in low temperatures, storage in atmos¬ 
pheres of oxygen and of carbon dioxide and storage for 17 and for 24 
hours in the dark. 

ltather early it became apparent that the question of uniform 
sampling might be important. Accordingly an attempt was made to 
determine whether random sampling could be achieved in composite 
samples and further to analyze the factors that might affect sub¬ 
sampling. By means of an air blast in vertical long glass tubes, an 
attempt was made to discover whether the two sorts of pollen grains 
differed in weight; fine wire bolting sieves were used in an effort to 
determine differences in size, and specific gravity separations were 
made with solutions of alcohol and chloroform. In these experiments 
the sorted pollen grains were classified microscopically and duplicate 
samples w r ere used in pollinations as a check on differential func¬ 
tioning. 

In the earlier experiments all pollinations were made on an indi- 
v idual plant basis. Pollen was collected separately from heterozygous 
plants, and the identity of each sample was retained for all treatments. 
This procedure involved a control pollination for each plant furnishing 
pollen, a practice that doubled the w ork not only in making and record¬ 
ing pollinations but also in the subsequent classification of seeds. 
There was a further disadvantage of this system in that many of the 
pollen treatments proved lethal and their control ears from fresh 
pollen were consequently useless. 

To obviate these disadvantages bulk samples of pollen were col¬ 
lected from as many as 50 heterozygous plants. The samples were 
sieved to remove anthers, then thoroughly mixed by pouring back 
and forth, and subsequently divided into as many subsamples as the 
quantity permitted. Care had to be exercised in mixing, as the 
grains tended to clump and even to become pasty if too large quan¬ 
tities were collected and the mass became too dense. 

This method of handling pollen simplified field practice, but with 
he exception of a single small group all the ears resulting from the 
jse of bulk pollen samples showed significant reductions in the pro- 
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portion of waxy to nonwaxy seeds irrespective of pollen treatment. 
It seemed reasonable to ascribe this unexpected result to some condi¬ 
tion arising in the method of sampling, and until this possibility could 
be investigated the method of bulk sampling was abandoned. Subse¬ 
quent attempts to obtain low percentages of waxy seed from bulk 
pollen samples have been unsuccessful, and the earlier results remain 
without satisfactory explanation. 

Not only did the screening of numerous individual samples con¬ 
sume much time, but in many cases the accumulation of large num¬ 
bers of damp anthers reduced materially the quantity of usable pollen, 
besides introducing a possible source of variability by affecting the 
moisture content of the pollen grains. 

In the work of the last few’ years the tassels of pollen parents were 
enclosed in two bags, one within the other. The inner bag, slightly 
smaller than the outer one, was perforated w T ith numerous fine holes 
too small to permit the passage of anthers. By this means the pollen 
sifted into the outer bag almost as soon as shed and no sieving was 
required. This pollen was taken from the field in tassel bags, trans¬ 
ferred to small pill boxes, and given treatments while in these boxes. 
For pollinating the covered boxes were taken to the field, and in most 
cases two ears were pollinated from each box. 

All female parents had their tassels removed and the silks were cut 
back 24 hours before pollination to provide uniform brushes of silks. 
Many days before silking, the ears were covered with open-Bhded bags 
closed at the outer end with llexible metal strips and closely fastened 
to the plant w ith copper w ire. The technique employed on the female 
plants has not varied over the period of this investigation, and from 
the hundreds of seedless cobs obtained from many of the pollen treat¬ 
ments it was apparent that the error due to contamination was 
gratifyingly low. 

Several stocks of wa\v were used, but all of these have been in cul¬ 
tures of the Bureau of Plant Industry for many years and their 
behavior under ordinary conditions is well known, Iii the last 3 years 
this imestigation has been limited to one stock, chiefly because that 
stock possessed large seeds capable of rapid classification. In the 
(arliei work multiple-eared stocks with numerous small seeds were 
used, Imt since analysis showed no influence of the female parent and 
since the chances of errors in bookkeeping, to say nothing of the fail¬ 
ures of lower ears to produce seed, were greater in these strains thev 
were discarded. ’ 

The experimental work was carried on at the Arlington Experiment 
Farm, Rosslyn, Ya., and at Lanliam, Aid. This fact is mentioned, as 
the results from the two places were not always alike even in the same 
vear. No question of seed stocks nor of personal equation is involved 
howex er. as the seed and the personnel w ere the same in both localities’ 

I he geographical separation of the experimental work adds one more 
complication to the presentation of data already complex because of 
numerous time inter\nls, sampling techniques, and types of control. 

ANALYSIS OF SAMPLING 

The results of the effect of storage on Alendelian ratios in function¬ 
ing pollen depend for their accuracy on the possibility of subdividing 
large samples of pollen into smaller subsamples. 
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Where pollen is collected in hulk from 25 or more heterozygous 
plants and is subsequently subdivided into subsamples for various 
treatments it is essential that the subsamples be alike at the start of 
the treatments. 

Similarly, where pollen is collected separately from individual plants 
and this pollen is subdivided into lots, one to be applied as a fresh con¬ 
trol and the others to be subjected to different treatments, the several 
lots must be random samples of the original collection. 

After treatment there is no method for determining whether or not 
the control and treated subsamples were alike at the time of subdivi¬ 
sion. It can be determined that an array of ears obtained from a given 
lot of pollen used fresh is a random one, and it may be assumed that the 
corresponding lots in the treated series were random also; but this docs 
not provide a measure of a possible selection. It is quite possible in 
pouring subsamples to obtain two sets, both distributed at random 
about their respective means; yet the two means may differ unless 
care has been exercised to draw the samples for each set at random. 

To provide a measure of the randomness of subsampling, each 
sample of pollen has been used to pollinate two ears. As is to be 
expected, especially where adverse treatments were given the pollen, 
there were many cases where only one ear of the pair produced seed. 
However, enough eases of paired pollinations were obtained to permit 
a measure of the randomness of subsampling. To these may be 
added certain ears where the butts and tips wore classified separately. 

In one experiment a bulk sample of pollen was collected from about 
25 plants, thoroughly mixed, and subdivided into 10 lots of approxi¬ 
mately equal size, which were subjected to a secular selection by the 
following method: The 10 subsamples were poured from a bag con¬ 
taining the bulk sample; the first subsample was numbered 1, and 
the last lot of pollen to leave the bag was numbered 10. These lots 
were used to pollinate 20 ears, each lot being used on 2 ears. The 
subsamples were applied consecutively, lot 1 being applied to oars a 
and 6, lot 2 to ears c and rf, etc. By this means it was hoped to 
obtain some knowledge as to whether or not tho method of pouring 
subharnples involved an unconscious sorting of the pollen grains. 

Only 17 of tho 20 pollinations were effective. The correlation 
between the number of a subsample and the percentage of waxy 
seeds obtained is p—— 0.123±0.169, clearly indicating that the 
method of sampling did not introduce any regular selection of the 
pollen grains. 

When the variance of the population of paired ears resulting from 
the use of fresh pollen is subdivided into its several elements it is 
found that there is no difference between subsamples in the propor¬ 
tion of waxy to horny pollen grains that function in the production 
of seed. There is a correlation of 0.5 between the pollen grains within 
subsamples, but the number of samples is too small do attach any 
significance to the coefficient. The ^apportioned variance for this 
population is given in column 2 of table 1. 

As a comparison with the above population, the variance is appor¬ 
tioned for two similar populations of paired ears resulting from the 
use of fresh pollen, where the pollen, instead of being collected in 
bulk from many plants, was collected separately from each plant and 
each collection was used on a single pair of ears. The mean squares 
for these two populations are shown in columns 9 and 10 of taole 1. 
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] t will be obser\ ed that the mean square of the means of subgroups is 
but two-thirds of that found when the bulk sample of pollen was 
used. 

It was not to be expected that the mean square of the means of 
subgroups from pollinations with individual plant samples would be 
lower than the mean square of the means of subgroups from pollina¬ 
tions with subsamples of composite collections. Composite samples 
never should have mean squares larger than those of the individual 
samples, and the expectation would be for lower mean squares. Since 
the difference between the mean square for the composite sample 
(12,043.74) and that for the combined populations in columns 9 and 
10 of table 1 (8,012.68) is not significant, the result may be attributed 
to chance. 

Although in both populations from individual plant samples the 
mean square of the means of subgroups exceeds that of the pair 
members from their mean, the differences are not significant, and it 
may be concluded that for these populations there is no reason to 
believe that the ratios of the two kinds of pollen grains were more 
nearly the same within subsamples than between subsamples. 

Three other populations resulting from the use of fresh pollen are 
available for analysis. In these three populations the subsamples 
consist of the butts and tips of the ears. Two of the populations are 
from the use of composite collections of pollen, the third being from 
individual plant pollinations. No manual division into sub&amples is 
involved in these three populations, and in the population from indi¬ 
vidual plant pollinations the mean square of the means of subgroups 
measures the differences between male parents. 

The mean squares are given in columns 6, 7, and 11 of table 3. 
In all three populations the mean square of the means of subgroups 
exceeds that of the members of the pair from their mean, and in two 
of the populations the differences are dearly significant. In the 
third (column 6) the difference just borders on significance. Were 
the comparison limited to the population given in column 11 it would 
be a fair inference that male parents differed one from the other, but 
with the composite samples no such interpretation is possible. 

For purposes of comparison a single population has been included 
(column 13) where the \ariability is limited to the ovules, the pollen 
having been all of one kind- waxy. I 11 this population the mean 
square of the means of subgroups (composed of butts and tips) is 
actually less, though not significantly so, than that of the butts and 
tips from their mean. This is the only case of the 12 presented in 
table 1 where the means of subgroups are less variable than their 
components. It is clear that the difficulties in sampling and the 
observed correlations between butts and tips and between paired 
ears from the same pollen subsample are confined to the pollen. 
Since the composite samples are less satisfactory in this respect than 
the individual plant samples, it is evident that the results flow r from 
physiological rather than genetic differences in pollen. This conclu¬ 
sion receives further support when the populations of ears resulting 
from the use of stored pollen are examined. 

There is one population resulting from the use of stored pollen 
collected from individual plants. The mean squares for this popula¬ 
tion are given in column 12 of table 1 and may be compared directly 
with those in column 11, which are for a population from the same 
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pollen parent* where the pollen was applied immediately following 
collection. The enormous increase in the mean square between ears 
will be noted in this population of ears from stored pollen. This may 
mean either that the stored samples of pollen have not been accorded 
uniform exposure to sunlight or that the samples reacted differently to 
exposure. Probably the high intraclass correlation (p=0.701± 0.046) 
is the result of both factors. It should be noted, however, that the 
mean square of the pair members from their mean is also excessive 
in this group of ears. Thus the tips and butts of the same ears tend 
to differ from each other, indicating a differential functioning of the 
two sorts of pollen tubes in long and short styles. 

A similar situation is encountered in a population of ears resulting 
from the use of pollen stored in the sun where a composite collection 
of pollen was subsampled. The mean squares for this population 
are given in column 8 of table 1. 

In columns 3, 4, and 5 of table 1, the mean squares are given for 
a single composite sample of pollen, which was subdivided into small 
samples that were used in each case to pollinate a pair of ears. All 
three lots of subsamples were drawn at random from a single bulk 
collection, treated for hours, and applied 3}-i hours after collec¬ 
tion. In all three cases the waxy percentages are low although the 
lots stored at 37° and 10° C., respectively, do not differ significantly, 
the x 1 of the difference of these two populations being 3.31 (/*=0.009), 
The samples stored in oxygen have a significantly higher pPtcentage 
of waxy seeds than either of the two temperature series. The oxygen 
treatment differs from the 37° treatment, with a x 2 of 52 (P<10“ 8 ), 
and from the 10° group, with a x 2 of 97 (P<10 H ). The oxygen 
series shows rather conclusively that the subsampling was random, 
whereas the 10° treatment show s evidence of an intraclass correlation. 

If the 37° and the 10° C. populations are combined, on the assump¬ 
tion that the storage treatments resulted in no differential behavior, 
and the variance of this combined population is apportioned, it is 
found that the mean square of the means of pairs is 10,477.58 and 
that of the pair members from their means is 3,420.78. The ratio of 
the two is 3.062, with P lying between 0.01 and 0.05. There is, there¬ 
fore, just a possibility that the pairs of pollinations in this temperature 
series are not random subsamples of the original composite sample. 

Further analysis of variance is possible in the case of a single 
population where ears were pollinated in pairs and the butts and tips 
of each ear w r ere classified separately. The pollen in this case was a 
composite sample split into small subsamples and these were stored 
in sunlight for 5 hours. Each subsample was applied to two ears. 
The mean squares for duplicate samples used fresh are given in 
column 7 of table 1. Not all the paired pollinations were successful, 
and the mean squares for all the ears irrespective of pairs are given 
in column 8. 

Limiting the population to the ears where paired pollinations were 
successful and apportioning the variance into its component ele¬ 
ments, it becomes possible to compare the variance of subgroups 
based on butt and tip sampling with the variance of subgroups 
composed of paired ears. 

The data are as follows: 
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Apportionment of variation: 

Total seeds_ _ _ _ 

Seeds on butts and tips_ 

Seeds on ear- _ _ _ . 

Butts and tips 
Ears_ 

Butts and tips from their mean_ 

Means of subgroups of butts and tips--- 

Ears from their pair mean. ... 

Means of subgroups of paired ears., _ 

Analysis of variation: 

trimary groups of butts and tips_ 

Subgroups of butts and tips_ 

Primary groups of whole ears. 

Subgroups of paired oars_ 

Total seeds_ 


Waxy seeds _ _ 


Mean square 

2 , 467 . 89 
2 , 458 . 60 
2 , 457 . 08 
5 , 172 . 66 
8 , 802 . 46 
1 , 845 . 34 
8 , 802 . 46 
5 , 900 . 78 
12 , 284 . 48 

Number 

24 

12 

12 

6 

6 , 456 

Wean percent 

44 . 3 


Comparing the mean squares of. this restricted population with 
those obtained for all the ears as given in column 8 of table 1, it is 
seen that the agreement is fairly close in all categories other than the 
mean squares of the means of subgroups eomposed of butts and tips. 
In the unrestricted population this is 13,443.96, and in the limited 
population it is only 8,802.46. The difference is not significant, but 
apparently in limiting the population to paired ears some of the 
variability was eliminated. In the restricted population it is seen 
that tho intraclass correlation between butts and tips is significant, 
z equaling 0.78 and P being less than 0.01. No such correlation can 
be demonstrated for the paired ears, even though the mean square 
of the means of subgroups exceeds that found for the means of sub¬ 
groups composed of butts and tips. The mean square of the indi¬ 
vidual ears from their pair mean is also larger than tho mean square 4 , 
of butts and tips from their mean, and c equals 0.367, P being greater 
than 0.05. The difference between the two intraclass correlations, 
as measured by c, is 0.415 ±0.398. 

From the analysis of the variance of the percentage of waxy seeds 
in butts and tips of these ears, it is clear that the variation between 
butts and tips is much lower than that between individual ears 
despite the fact that the pollen was a composite sample. No such 
condition can be demonstrated between paired pollinations, although 
there is evidently a tendency in this same direction since the mean 
square of the means of pairs is twice that of the members of the pair 
from their mean. Just why the butt and tip of an ear should be more 
nearly alike than a pair of ears pollinated with the same pollen is not 
clear. It might be urged that this evidence indicates an influence of 
the female parent, which, of course, in these cases, was homozygous 
for waxy and could not contribute directly to variation in waxv 
percentage unless the hypothesis of selective fertilization is invoked. 
Other evidence of the influence of the female parent is discussed later. 

Not only is the variance of the means of paired ears relatively 
high, but the variance of the butts and tips from the mean of the ear 
is too low, clearly indicating an ear individuality. 

From a consideration of these mean squares for the several sorts 
of groupings it is apparent that there is a real problem of subsampling 
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involved in these experiments, and it is indicated further that the 
most effective method of subsampling is to collect pollen separately 
from each male parent. In following this practice each sample must 
be used once to provide a fresh control, a condition that adds to the 
field work and subsequent classification. However, experience with 
composite samples representing the output of many plants has proved 
so unsatisfactory and of such doubtful reliability that for the last few 
years all pollinations in these investigations have been made on an 
individual plant basis. 

This method does not wholly eliminate sampling difficulties, as the 
indhidual plant collection must be subdivided for various treatments; 
however, it is the best method possible under the conditions. A 
certain portion of the discordant results encountered throughout these 
investigations and the large errors so frequently involved in the 
populations of ears may properly be ascribed to difficulties in sampling 
masses of pollen. 

COMPARISONS BETWEEN WAXY AND HORNY POLLEN GRAINS 


SIZE 

Two methods ha\e been used to determine whether waxy pollen 
grains differ in size from horny pollen grains. In one method the 
stained grams were measured under the microscope by means of an 
eyepiece micrometer, but since there is the possibility that th^two 
forms of starch may expand unequally in the staining medium, thus 
giving spurious results, ail effort was made to separate the two sorts 
of grains by means of sie\es. 

A nest of sieves was made up of fine wire bolting screens having, 
respectively, 140, 170, 200, 220, and 270 wires to the inch. Although 
the best a\ailable screen cloths were procured and the most uniform 
areas of the material were selected for the sieves the apertures w T ere 
quite \ariable. The mean sizes of the apertures of the sieves as 
given by the manufacturer were 0.105, 0.088, 0.074, 0.002, and 0.053 
mm, respectively, but in experiments of this nature the aperture of 
maximum size in each sieve is important. The sieves are referred to 
throughout the text by the number of wires to the inch, which is 
the manufacturer’s designation. 

Some difficulty was found in the mechanics of sie\ing, since many 
pollen samples tended to clump if agitated for a few r minutes. A few T 
samples were obtained where the pollen sifted through the sieves 
almost like dry sand. As pollen grains differ greatlv in size from 
plant to plant, possibly because of differences in moisture content, 
the samples used in the sieve tests were confined in each case to single 
male parents. 

After separation, the pollen grains left upon each sieve were used 
to pollinate plants homozygous for the waxy gene, and in some cases 
samples were classified microscopically. These two methods of 
determining possible differences in size do not necessarily lead to the 
same result, for it is quite possible that differences in ability to effect 
fertilization might exist in the different size groups. 

Table 2 shows the most complete series of ears, representing six 
sieve sizes, obtained from a single sample of heterozygous pollen. 
There is some indication that the intermediate pollen sizes (as de¬ 
termined by the size of the sieves) have the highest proportion of 
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functioning waxy pollen grains. However, the duplicate pollinations 
from the same sieve sizes gave rather widely different results, and 
the errors are such that no definite conclusion can be reached as to 
the certainty of this observation. It does seem clear that there is a 
significant deficiency of functioning waxy pollen grains in the smallest 
size group. Whether this deficiency indicates that the waxy grains 
were retamed on the sieves of larger aperture or that the small waxy 
grains did not effect fertilization so well as the small horny grains 
cannot be determined from these data. 


Table 2. —Waxy and horny seeds obtained when pollen (single sample from plant 
2632) lodging on the various sieves was used on ears homozygous for the waxy gene 


• 

Female plant no. 1 

Pollen 

from 

screen no. 

Seeds obtained 

Total 

Uorny 

Waxy 

! _ 

140 

140 

170 

170 

200 

220 

270 

0) 

Number 

428 

114 

427 

334 

622 

162 

440 

59 

Number 

217 

61 

186 

164 

265 

83 

222 

37 

Number 

211 

53 

241 

170 

357 

79 

218 

22 

Percent 
49.3=1=1.6 
46.5db3.2 
56.4=fcl. 6 
50.9=1=1.8 
57.4=Ll. 3 
48.8=b2 7 
49.5=1=1.6 
37.3=t3. 5 

1. 

r 

Total__ - , 

. 

2,586 

1,235 

1,351 

52. 24=L. 66 


1 305 30ft and 303-304 duplicate pollination >; x i between the combined 305 and 306 and the combined 303 
and 304 - 3 56 (/ J =0 057); x 2 between plant 293 and the combined 303 and 304=6.135 (^=0 013). 

2 Pollen that passed through all sieves. 

Table 3. —Analysis of pollen ratios and sizes in samples of sieved pollen from 

individual plants 


I 

Seeds from 
pollinations 


Difference 
between 
seeds and 
pollen 


Pollen classified microscopically 


Red 

pollen-blue 
pollen 


and treatment 
















Blue-staining 


Wa\> 1 

S. K. 

Waxy 

S. E. 

Waxy 

S. E. 










Size 

S. E. 

Plant 7133: 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Mm 

A/m 

Unsieved_ 

50 3 

3.1 





0. 08512 

0.00000 

Caught on— 









Sieve 140 .. 

53.1 

2 2 





.08264 

.00049 

Sieve 200_ 

63.4 

2 2 





.08384 

.00045 

Sieve 270 

52.3 

2 2 





.08280 

.00049 

Bottom .... 

52.6 

2 2 





.08200 

.00053 

Plant 7505- 









Unsioved. _ . 

51.4 

2.1 

0.0 

3.04 

51.4 

2.2 

.09840 

.00072 

Caught on - 









Sieve 140_.„ 

44 4 

11 7 

5 3 

11 90 

49.7 

2.2 

. 09248 

. 00052 

Sieve 170 . 

44. 0 

1 3 

4 3 

2. 55 

48.3 

2.2 

.09200 

.00041 

Sieve 200.. 

43.8 

2.5 

5.8 

3.32 

49.6 

2.2 

.08968 

.00044 

Plant 3425. 









Caught on - 






* 



Sieve 170_ 

56.0 

1.3 





.10144 

.00161 

Sieve 200 

1 41.5 

1.3 





.08968 

.00098 

Plant 7256: 

t 






Caught on— 









Sieve 140 . 







. 07872 

.00060 

Sieve 170 . i 







. 07856 

.00066 

, 








Ked-staiuing 

Differ¬ 
ence in 
size 

Size 

S. E. 

Mm 

0.08496 

Mm 

0.00049 

A/m 

—0.00016 

.08312 
.08344 
.08400 
. 08224 

.00057 
.00045 
.00053 
.00057 

. 00048 
- 00040 
. IK) 120 
.00024 

. 09392 

.00064 

-.00448 

. 09296 
. 09216 
.08944 

.00050 

.00048 

.00050 

.00048 
. 00010 
-.00024 

. 10176 
.08872 

.00096 

.00000 

. 00032 
-.00096 

.07992 

07772 

.00092 

.00056 

.00120 

-.00084 


S. E. 


A/m 
0.0007H 

.00074 

.00064 

.00072 

.00078 


.00096 


. 00072 
. 00064 
.00066 


.00194 

.00112 


.00110 

.00086 


1 Percentage of waxy seeds obtained when the pollen lodging on the sieve indicated was used on ears 
homozygous for the waxy gene. 
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No other pollen sample provided so many sizes; the majority of 
the samples lodged on only two or three sieves. 

Waxy-homy ratios, together with micrometer measurements of the 
pollen grains, were determined for three samples of sieved pollen that 
>vas classified microscopically. The most complete series is that for 
the pollen sample from plant 7133, the data for which are given in 
table 3. 

In this sample there is no evidence that the waxy pollen grains 
differ in size from the horny grains or that the sieves w T ere at all 
effective in sorting the two kinds of grains. 

As a check on the effect of the staining fluid on the size of grains, 
50 grains were measured dry from the sample left on sieve 200. 
These grains, of course, could not be classified into waxy and horny, 
so the comparison must be made with the mean size of the stained 
grains from the same sieve. The mean size of the dry grains was 
found to be 0.08912±0.00050 mm, wdiereas the mean size of the 
stained grains from this same sieve was 0.08364 ±0.00044 mm. The 
difference (0.00548 ±0.00071) is clearly significant but is in the direc¬ 
tion of a shrinkage of the stained grains. 

In the second of these samples the pollen from each sieve was sub¬ 
divided, one lot being classified and measured under the microscope, 
the other being used to pollinate homozygous waxy ears. The data 
are shown in table 3. 

The classifications made under the microscope show that all si*nples 
closely approximate 50 percent waxy, the widest departure being 
found on sieve 170 where the percentage (48.3) departs from 50 with 
x 1 only 0.5 (P -=0.479). In the unsievod pollen the blue-staining 
grains were 4.8 percent larger than the red-staining grains—a differ¬ 
ence that is 4.75 times its standard error, giving P={). 000002. How¬ 
ever, there is some evidence that the unsieved pollen was not a ran¬ 
dom sample of the sieved pollen, for the mean size of the unsieved 
grains was 0.09010 ±0.00053 mm, whereas the mean size of the 
pollen grains stopped by the sieve wdth the largest apertures (140) w as 
0.09272 ±0.00035 mm. The difference (0.00344 ±0.00003) is more 
than 5 times its standard error. No explanation can be offered for 
this discrepancy in size. 

When the ears resulting from the use of these several samples of 
pollen are examined ail entirely different situation is encountered. 
The percentage of waxy seeds obtained from unsieved pollen is 
exactly the same as the percentage of waxy pollen found in counting 
the pollen grains under the microscope. The exactness of this agree¬ 
ment is, of course, merely a coincidence. Only IS seeds were obtained 
from the pollen used from sieve 140, and the percentage is included 
in the table simply for completeness. The percentages of waxy in 
the other tw r o samples are both significantly lower than that found 
in the unsieved pollen, indicating that, even though the actual pro¬ 
portion of waxy to homy pollen grains remains the same in all size 
groups, in the small sizes waxy grains are less effective than horny 
grains in accomplishing fertilization. 

There are no significant differences between the percentages of 
waxy as determined by using the pollen to produce seeds and as 
determined by microscopic examination. 

The third sieved sample (table 3) provided only two sizes, the 
pollen all lodging on sieves 170 and 200. The difference in the per- 
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centage of waxy pollen grains (14.5±1.84) is clearly significant, the 
pollen passing to sieve 200 having the lower percentage of waxy 
grains. However, within the sieved samples there was no significant 
difference in size between the two sorts of grains. 

One other sample of pollen was sieved and the sizes of grains were 
measured (table 3), but through inadvertence no record was made of 
the proportion of waxy to homy pollen grains. 

This sample serves to emphasize the fact that within a sieve class 
the two sorts of pollen grains are of the same size. With this sample, 
to provide a check on possible distortion of size by the staining 
medium, dry pollen was measured. That from sie\e 140 had a 
mean size of 0.07304 ±0.0078 mm and that from sieve 170 had a 
mean size of 0.07612±0.0006 mm. The mean size of the dry grains 
on sieve 170 exceeded that of the dry grains on sieve 140 by an amount 
that was 2.3 times its standard error. This relationship is reversed 
in the stained grains, the mean size of the red grains from sieve 140 
exceeding that from sieve 170 by an amount that was 3.0 times its 
standard error. Such results indicate that despite the manufac¬ 
turer’s rating there is no effective difference in the sizes of the aper¬ 
tures in sie\es 140 and 170. 

In another sample, not shown in table 3, the pollen all lodged on 
sieves 170 and 200. That on the sieve of larger aperture proved to 
lune by count under the microscope 53.5±1.57 percent waxy grains 
and that on the sieve of smaller aperture 46.0 ±0.95 percent waxy 
grains. The difference (7.5±1.83) is o\er four times as large as its 
standard error. 

In summarizing the evidence for the pollen classified under the 
microscope, it would appear that some plants produce pollen of which 
the horny grains are somewhat more likely to pass a sieve of a given 
size than are the waxy grains. It has been demonstrated that there 
is not always a corresponding difference between the sizes of the 
two sorts of grains. Measurements of pollen grains in unsieved 
samples indicate that it is questionable whether the sieves functioned 
as selectors of size. The observed results could be explained by 
slight differences in stickiness between waxy and horny grains. 

From the samples used in pollinations there is strong reason to 
conclude that in pollen grains of the smaller sizes the waxy pollen b 
at a disadvantage in effecting fertilization. 

Before leaving this subject it should be noted that the pollen grains 
from the several samples differ significantly in size. They range 
from 0.07 to 0.10 mm, with errors in the third decimal place. 

WEIGHT 

For the purpose of disclosing differences in weight between waxy 
and horny pollen grains, samples of pollen from heterozygous plants 
w ere separated by means of an air blast. 

The apparatus consisted of a verticil glass tube about one-half 
inch in diameter and 30 inches long, which was bent at the upper end 
to deflect the floating grains into a suitable container. The low r er 
end was closed with a fine-meshed bolting cloth and inserted into the 
neck of a large flask. Air under pressure w T as admitted to the flask 
by means of a side connection. The flask served to smooth convec¬ 
tion currents and provided a more even air pressure on the bolting 
flotli. 
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The pollen to be tested was placed on the bolting cloth and with 
the increase in air pressure rose through the tube and spilled into the 
container. No attempt was made to record air pressure, which was 
controlled by a needle valve and increased as required to drive over 
the last grains. 

The pollen grains that floated through the tube with the lowest 
pressure were kept separate from those that rose through the tube 
only with the highest pressure. Samples of the first and last lots 
were stained with iodine and counted. The bulk of the pollen was 
applied to silks of plants homozygous for waxy for an e\entual seed 
count. 

The two sorts of grains in both the light and heavy samples were 
essentially equal in number and the x 2 of the difference between the 
light and the heavy weight was 0.80 (F=0.37). 

Only four samples of pollen produced ears from both the heavy 
and the light weight. In the most successful of these, three ears were 
produced from each of the weight groups. Combining the three ears 
from each group, the x 2 of the difference between the ratios of horny 
to waxy seeds is found to be 3.89 (P=0.048) indicating that the air 
blast did not separate the two sorts of pollen grains. 

As a further analysis of these data, 10 ears resulting from heavy 
pollen were combined, and the mean percentage of waxy seeds was 
compared with that obtained when 10 ears resulting from light pollen 
were combined. The heavy pollen gave 48.11 ±0.85 perca^t waxy 
and the light pollen gave 47.92±0.57 percent waxy. The difference 
between the two groups (0.19±1.02) is not significant. From these 
data it may be concluded that any difference in the percentage of 
waxy seeds due to the use of pollen of different weights could not 
have been greater than 3 percent 

SPECIFIC GRAVITY 

As a means of determining whether waxy pollen grains differed from 
horny pollen grains in specific gravity, pollen from a heterozygous 
plant w r as placed in a tube filled with a solution of chloroform and 
alcohol in the proportion of 38 : 0 This solution could be so accu¬ 
rately balanced that the temperature would determine whether the 
grains would sink or float; a drop of 1° or 2° C\ would sink all pollen 
grains, whereas an increase of a few T degrees would bring the grains to 
the surface. By adjusting the proportions of chloroform and alcohol 
and holding the tubes under constant temperature, a fairly good sep¬ 
aration of pollen grains could he obtained Pollen grains from the 
top and bottom of the tube were pipetted off, stained with iodine, and 
classified under the microscope. Several individual plant samples 
were tried. I 11 one the flouting grains gave 69 horny to 68 waxy and 
the sunken grains ga\e 161 horny to 148 waxy. The \ 2 of the differ¬ 
ence between the sunken and the floating grains is 0.114 (P=0.74), 
indicating a chance difference between the two sets. With another 
sample the floating grains were classified as 1,135 w axy to 929 horny, 
and the sunken grains gave 536 waxy to 494 horny. 

Fiftv-fh e percent of the floating grains and 52 percent of the sunken 
grains were waxy. The difference of 3 percent has a probability of 
0.066. From these tests it may be concluded that the two sorts of 
pollen grains do not differ in specific gravity. 
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ELECTRICAL TEST 

An attempt was made to separate the two sorts of pollen grains 
electrically, but this proved unsuccessful. Two strips of zinc were 
suspended about one-quarter of an inch apart in a tube containing 
chloroform and alcohol in which heterozygous pollen was suspended. 
These zinc poles were connected with a G-volt storage battery, but 
no lateral movement of the suspended pollen grains could be detected. 

EFFECT OF VARIOUS FACTORS ON RATIO OF WAXY TO HORNY 

SEEDS 

TIME OF ANTHESIS 

It has been suggested that the effects observed in stored pollen 
might be explained by a differential maturity of the two types of 
grains; that a simple differential death rate would account for percent¬ 
ages of waxy seed greater than 50 in stored pollen but would not ex¬ 
plain percentages less than 50 when fresh pollen is used. 

If waxy pollen grains are in fact immature at antliesis, then the very 
first pollen shed in the morning should result in ears with the lowest 
percentage of waxy seeds, and this percentage should increase with 
time. To test this point an effort was made to collect pollen early in 
the morning, but on most August days in the vicinity of Washington 
heavy dews delay pollen shedding until 8 a. in. Even when a few 
favorably situated plants shed some pollen before this hour, the mois¬ 
ture that accumulated on the spikelets interfered with collection. 
However, one series beginning at fi:45 a. m. was successful. From 
this series there is no evidence that the waxy pollen grains are less 
mature when shed early in the morning than when shed later. The 
data are shown in table 4. 

Table 4 —Effict of hour of collection of pollen on pviciyiiage of uuixi/ seeds 


Hour of collection 

Ears 

Total 

seeds 

W'iiaj seeds 

.1 m 

Number 

Number 

Percent 

MS - - - 

1 b 

1,317 

40 64:1 1 

7 15 

5 

1,554 

50 34= .5 

7 55 

7 

2,290 

40 74 9 

H 30 

15 

6,298 

45.54= 8 

M e.m 

! 33 

11,459 

1 46 5 1 5 | 


Table 5. —Effect of hour of collection of pollen from each of 4 plants on percentage 
of waxy seeds resulting from fresh applications, July JO, 193V 


Source of pollen 
(plant no.) 

Waxy seeds from pollen collected at 
indicated hour 

8 a in 

% 

11:30 a in 

Difference 
(11 30-8 
a. in) 

2.. 

3. 

4. . . 

Percent 

47 34 0 95 

45 74=1.03 
[ 47 94r .97 

43 8=fc . 90 

Percent 

51 14=1.12 

44 74=1.13 

42 94-1.02 

45 84rl 09 

i 

Percent 

3 84=1.5 
-1 04:1. 5 
-5 04=1 4 
2.04:1 4 


:<6- 2 
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With the exception of the collection made at 7:15 a. m., the ratios 
of waxy to horny seeds are significantly less than equality but do not 
difTer from one another. In one other case pollen w r as collected from 
four plants at 8 a. m. and w as applied immediately. A second collec¬ 
tion of pollen w T as made from these same plants V/» hours later. The 
results are shown in table 5. Of the four differences, one is three and 
one-half times its error; but since it is one difference in a series of four, 
the odds against its being due to chance are about 16 to 1. 

The time of day at which the pollen is shed, therefore, seems to 
bear no relation to the deficiency of waxy seeds resulting from the 
use of fresli pollen. This deficiency may be due to immaturity, but 
if so the waxy grains are equally immature irrespective of the time 
of anthesis. The results accord better with the observations of 
Sprague (J/), i. e., that waxy pollen grains germinate more slowly 
than horny grains. 


CONDITIONS OF POLLEN STORAGE 
StoHAM: IV ScVl.KiHT 

Although in 1625, 1926, 3927, and 1929 pollen exposed for as long 
as 7 hours to sunlight was capable of functioning in fertilization, 
similar exposures in J92S were uniformly lethal, and much shorter 
periods fried in 1950 and 1981 (some as short as 10 minutes) were 
practically lethal, only a few* seeds being obtained. In 1932 a few r 
exposures for as long as 5 hours were successful. Exposures for 
shorter periods (15 to 45 minutes) showed no lethal effects. It 
became possible in 1932 to measure the degree of illumination by 
means of photronic cells, and it was found that the brightest cloudless 
summer days in the vicinity of Washington, I). (\, registered 12,500 
foot-candles in direct sunlight and that the maximum observed in 
Arizona was 13,000 foot-candles. Under a single layer of glassine 
paper the radiation was reduced about one-third. 

On most days in late July and early August, when these experi¬ 
ments were conducted, the sky is far from cloudless and the illumina¬ 
tion varies rapidly from 2,000 to 12,000 foot-candles. Since the 
experiments were made over a period of from 10 days to 2 weeks in 
any one year, it is not believed that the lethal effects obtained in the 
years 1928, 1930, and 1931 w T ere caused by excessive radiation. 

While no measurements of radiation w T ere made previous to 1932, 
records were kept as to whether the day wuis clear, partly cloudy, or 
cloudy. So far as these records serve, they fail to support the idea 
that the death of pollen in 1928, 1930, and i931 w T as due to unusually 
intense radiation. It is more reasonable to assume that in these 
years pollen was more sensitive to radiation than in the other years. 
This hypothesis receives support from the fact that pollen from differ¬ 
ent plants does not react alike to storage treatments. 

With a knowledge of these limitations in mind, the results obtained 
from exposures of pollen to sunlight may be examined. 

In 1927 no pollinations were made with fresh pollen, and the com¬ 
parison for tins year is limited to sun storage as contrasted with 
storage in the dark for the same period of time. The comparisons are 
all on an individual plant basis, each plant furnishing pollen for a sun 
and for a dark exposure. All the samples w r cre in glassine bags, and 
the sun exposures were made on a flat table in direct sunlight. The 
time intervals ranged from 7K to 7 3 4 hours. 
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Only 13 pail’s of pollinations from light-dark treatments were suc¬ 
cessful. In 12 of the 13 cases the pollen exposed to direct sunlight 
produced ears with a higher percentage of waxy seeds than the dupli¬ 
cate samples stored during the same period in the dark. The mean 
excess for the series was 20.13±2.0l percent, despite the fact that the 
dark series averaged 50.4 ±0.7. The mean difference and its error 
is weighted by 1 fK /; the details of this statistical procedure have 
been published elsewhere ($). 

As part of the series of heat treatments given at Arlington, Va., in 
1928, a series of duplicates w r as exposed to sunlight. Most of these 
were for periods of 5k* hours and all proved to be lethal. The only 
pollen that produced seeds after exposure to sunlight was a composite 
sample spread in a thin layer in a large uncovered Petri dish resting 
on a block of ice. Seven ears were obtained from this treatment, 
which lasted for 4)'> hours. The mean percentage of w axy seeds was 
47.30 4 0.73. No other treatments given on this day produced ears, 
so there is no other population with which to compare this percentage. 
Since, however, the average percentage of waxy seeds from fresh 
pollinations made at Arlington in this year with composite samples of 
pollen w r as 40.24 ±0.78, there is every reason to conclude that the 
sample stored on ice in direct sunlight for 4 % hours was not affected by 
the exposure. 

In 1929, at Lanham, Md., the length of the period of exposure to 
sunlight ranged from G hours and 40 minutes to 8 hours and 45 
minutes, but the indi\ idual variability was so great that no conclusions 
can be drawn as to the relationship of timo to the degree of alteration 
in the waxy-horny ratio. 

All pollinations were made on the individual plant basis, and the 
comparisons are between pollen that was used fresh and pollen that 
w as stored. 

The pollinations were made on 2 days, August 5 and 8. August 5 
was a bright clear cold day, with radiation probably approximating 
12,000 foot-candles, whereas August 8 was cloudy. Only three pairs 
of pollinations were successful on August 5, all showing a pronounced 
effect of the exposure to sunlight. The mean difference in the per¬ 
centage of w T axy seeds from stored pollen and that from fresh pollen 
was 16.4 1 3.3, the stored pollen producing the higher percentage 

The pollinations made on August 8 were more successful, doubtless 
because of the less rigorous conditions prevailing during exposure. 
The effect of the treatment was far less than that of 3 days earlier, 
though the difference in the percentage of waxy seeds obtained from 
stored pollen and that obtained from tresh pollen was 4.9 ± 1.3 percent, 
in favor of the stored pollen. 

Although fresh pollen produced ears with percentages of waxy seeds 
ranging from 33.1 to 55.9, there was no tendency for these differences 
to be maintained when stored pollen was used. The correlation 
between the percentage of waxy seeds resulting from the use of fresh 
pollen and that obtained from stored pollen was only 0.16 ±0.13, 
indicating that the conditions of storage obliterated any differences 
between fresh samples. 

If the storage operated to bring the functioning waxy grains up to 
equality with the horny grains, a negative correlation should be found 
betw een the percentage of waxy seeds on the ears resulting from fresh 
pollen and the difference between this percentage and that obtained 
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from the use of stored pollen. This would follow since the fresh 
samples giving the lowest percentage should be (under the premise) the 
samples that produced the largest differences. The correlation is 
found to be —0.302, and although the coefficient has no statistical 
significance, P lying between 0.1 and 0.2, it does indicate that the 
deficient percentages obtained from fresh pollen tend to be corrected 
in the stored pollen. 

At Arlington, on August S, a series of exposures to sunlight was 
made covering a period of 4 hours. The strains used were identical 
with those grown at Lanham. Only nine pairs of ears were obtained, 
and these showed no evidence of alteration in the proportion of waxy 
to horny pollen grains when exposed to sunlight. None of the 10 
differences is statistically significant. 

This result may be compared with the results obtained at Lanham 
on the same day, where 13 of the 26 differences were significant, 10 
being in the direction of a higher percentage of waxy seeds from treat¬ 
ed pollen. Since the exposure at Arlington was for 4 hours and the 
shortest exposure at Lanham was 6 hours and 50 minutes, the lack of 
agreement between the two places may be duo to this difference in 
period of exposure. 

On the same day at Arlington a second group of pollinations was 
made, in which the fresh pollen was used on homozygous waxy plants 
and the stored pollen was used to self-fertilize the plants that func¬ 
tioned as male parents. This was done because there was a possi¬ 
bility that the pollen might behave differently when used on the stigma 
of the plant that produced it than when used on sister plants. The 
fresh pollen proved to have 47.12 n().57 percent waxy grains. The 
expected percentage of waxy seeds when this pollen is used on plants 
heterozygous for waxy is 23.6. The self-pollinated ears resulting 
from the use of stored pollen had 23.5 -fcO.4 percent of the seeds waxy. 
This agreement with the percentage expected from the known propor¬ 
tion of waxy to horny pollen grains in the fresh pollen is added evi¬ 
dence that 4 hours’ exposure to sunlight failed to alter the relative 
effectiveness of waxy pollen grains. 

In nine instances stored pollen was used both in baekerosses and in 
self-pollinations, permitting direct comparisons of the two types of 
pollination. The mean difference between the self-pollinated and the 
backcrossed ears, after doubling the percentages in the groups of self- 
pollinated ears to make them comparable with those obtained from 
backcrossing, is found to be —1.4 ±1.7, showing that the results of 
pollen storage are not affected by the nature of the pollination, i. e. 
whether selfed or backcrossed. 

There was no correlation between the percentage of waxy seeds 
on the backcrossed and on the selfed ears where stored pollen was 
applied (p=—0.221 ±0.224). With only nine comparisons, however, 
the correlation must be very close for statistical significance. 

At Arlington, Ya., in 1929, an attempt w r as made to accumulate the 
data necessary to determine the change in proportion of functioning 
waxy pollen grains with increase in time of storage. 

A bulk sample of pollen was collected, subdivided into small con¬ 
tainers, some of these samples w ere used immediately for fresh controls 
and the remainder stored in the sun. Each houj* a certain number 
of exposed samples were applied to ears of homozygous plants. It 
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was found necessary to make two collections of pollen, and unfor¬ 
tunately these two lots did not react alike to storage. 

The summarized data are shown in table 6. As will be seen, the 
pollen from the first lot showed a change in the percentage of waxy 
seeds after 2 hours’ exposure to sunlight and an increased alteration 
with 3 hours of storage, which was the final period for the first bulk 
sample of pollen. The second lot, although showung an increase in 
percentage of waxy with the passage of time up to 6 hours, fell far 
short of the change obsen ed in 3 hours in the first lot. Since both 
lots of pollen had identical exposures for the first 3 hours, the dis¬ 
crepancy between them cannot be charged to different amounts of 
radiation. Both lots of pollen wer$ alike in their behacior when 
used fresh, and since they consisted of bulk samples from sister plants 
there can be no question of plant sensitivity. Further, since the 
pollen was all subdivided into small lots, each subsample containing 
enough pollen for two ears, it hardly can be maintained that variation 
in the quantity of pollen was a factor. Although it is probably true 
that the samples contained unequal amounts of pollen, it is unlikely 
that all the subsamples of one collection contained more or less pollen 
than all those of the other collection 


Table (i Pn vintage of Lruxg s ads obi aim d from fush and ftom sun-ireatal 
pollni , Arlington , Va., August 6 , l!U f ) 


1 reatment of 

j 1 urs 

Total 

1 

W ax> 

'J reatmont of 

Ears 

T otal 

Waxy 

pollen 

seeds 

seeds 

pollen 

seeds 

seeds 

fresh (first collet 

1 Number 

Number 

Percent 

fresh (second col¬ 

Number 

Number 

Percent 

turn) . 

Hours in sun 

6 

2 ,473 

45 8±1 4 

lection) 
nours in sun 

11 

4,775 

43 7± 9 

1 , . . 

H 

5,258 

45 6± . 7 

4 . 

14 

0.479 

44 ldr 8 

2 

! i() 

1 221 

51 64 1 7 

r t 

10 

6,143 

47 0±1.0 

3 . 

Ji 

i 

3 1% 

63 0_L1 4 

!> 

12 

4,142 

62 7±1.4 


At Sacaton, Ariz., in 1929, two lots of ears were self-pollinated, one 
lot with pollen collected and applied between 7*30 and 8 a. m., the 
other with pollen collected during this period and exposed to direct 
sunlight through one thickness of glassine paper for 8 hours and 45 
minutes. Since the ears were self-pollinated, identical plants are 
not in\ohed, but the number of plants was such that an average 
sample was assured. The ears obtained from the use of fresh pollen 
had a mean of 20.9±0.5 percent waxy seeds and those resulting from 
the use of stored pollen had 23.0± 1.1 percent waxy. _ The difference 
between the two groups is not significant. There is a significant 
negative correlation between the number of seeds and the percentage 
of waxy in the group of ears obtained from the use of stored pollen, 
P equaling —0 584, and P being less than 0.01. In the fresh pollina¬ 
tions the correlation coefficient is of the same sign but is not signifi¬ 
cant (p= —0.291). 

There is no difference between the two populations in mean seed 
number, the stored group having a mean of 157 and the fresh group 
a mean of 150 seeds per ear. The fact that a higher percentage of 
waxy seeds is found w hen the number of seeds is small might be taken 
as an indication that the slower rate of germination of waxy pollen 
grains accounted for the observed correlation in the group of ears 
from stored pollen. However, this relationship would be expected 
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as well in the group of ears from fresh pollen, on the premise that 
scant quantities of pollen offer no opportunity for competition between 
the slow- and fast-germinating sorts of pollen grains. 

The fact that no such relationship between number of seeds and 
percentage of waxy is found in the fresh group as is revealed in the 
stored group indicates that the unfavorable conditions of storage in 
sunlight operate to destroy horny pollen grains more rapidly than 
waxy grains. 

At Lanham in 1932 a series of exposures was made in direct sun¬ 
light for a period of one-half hour. Half-hour exposures were made 
on three different days, the radiation as measured with the photronie 
cell ranging from 2,000 to 12,500 foot-candles. On none of the 3 
days was the treatment effective, and the mean change for the com¬ 
bined series was an increase from treated pollen of 1.0S i 0.41 percent 
w axy 

On one of the days, treatments of 15, 30, and 45 minutes were 
given Several of these were successful in all categories. The 
data are presented in table 7. In only one instance (sailing 3005, 
exposed for 45 minutes) was there evidence of a significant change 
in the proportion of functioning waxy pollen grains. This sample 
shows a difference of 10 0 *• 2.2 percent between the effectiveness of 
the stored pollen and that of the fresh pollen, the stored pollen 
producing the higher percentage of waxy seeds. 

Longer exposures were tried in this year, but only three pairs were 
successful. These weie given 5 hours at rather low candlepower 
(180 to 7,000 foot-candles), with temperatures ranging from 28° 
to 41° C. All three samples show -very great differences in the 
percentage of waxy seeds between ears resulting from the use of 
stored pollen and those from the use of pollen exposed to sunlight. 
The mean difference in pei cent age of waxy seeds for these three ears 
is 42 9 1 3.3, the pollen stored in sunlight giving the highest percentage. 

T\bu 7 PntnUnqi of it <uy sm/s obtained ftom frtsh and from sun-tnatnl pollen 1 


seeds resulting from pollen used after indicated treatment 


rollon sample no J 

* resh ’ 

In sun 15 minutes 1 

1 

In sun 30 minutes 

In sun 45 minutes 

1 

f l otal 

VV axy j 

lotil 

VV i\\ * 

Total 

Waxy 

Total 

W r a\y 


Vm ruber 

Vt ret nt 

Number 

Perct nt 

Number 

Percent 

Number 

Percent 

2417 

1, U7 

38 <» n i 

1,2 23 

40 JiO 9 

999 

45 Jil 1 

676 

47 Oil 3 

JIM. 

2 118 

44 (H 7 

1, 178 

48 34- 9 

892 

51 Oil 1 

555 

48 3il 4 

281 f. _J 

1, 902 

45 3i S 

942 1 

41 5il 1 

942 

43 »il 1 

598 

47 5il. 3 

282f.. I 

1,418 

45 Ji 0 

1,303 

46 9i .9 

946 

43 6il 1 

1,278 1 

47.2i . 9 

300 r > . 

2 2»H> 

45 6i . 7 

1,245 

42 5=b .9 

945 

48 8il 1 

250 

61 6i2 1 

1007 ... .| 

2, H>0 

48 9+ 7 

1,285 

45 b± . 9 

1,240 

44 3il 0 

885 

48. Oil 1 

3105.. 

1 

582 

41 Til 4 

1,100 

| 45 Oil 0 

767 

47 21 1 J 

7 

85 7i 9 


1 The illumination varied from 1,400 to 6,4(X) foot-candles, nnd the temperature ranged from 37° lofl0°C 


Storage \t Vakioi* Temperytlres \nd in Oxygen 

In order to differentiate further between temperature and light 
it would be desirable to have light exposures at low T temperatures 
and heat exposures in the dark. The latter, of •course, are easy to 
provide, but the former can be obtained only imperfectly. It is not 
possible to vary the illumination without a concomitant alteration 
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in the temperature, except by means of quartz colls and flowing 
water. Even with this device, which restricts the number of pollen 
samples handled and increases the time interval for equal energy 
intake, the quality of radiation is somewhat altered. Not only is 
it difficult to provide light exposures without heat but it is equally 
difficult to determine the temperature of pollen grains exposed to 
light. Just what proportion of the radiant energy is transformed 
into heat when absorbed by the opaque yellow pollen grains and 
how much of this heat is counteracted by evaporation it is now 
impossible to measure. Crude attempts have been made to estimate 
pollen temperatures by means of pollen-covered mercury thermom¬ 
eters, but the information derived from this method is admittedly 
inaccurate. 

The tests show that such thermometers exposed to sunlight may 
exceed air temperatures by as much as 25° C., the amount depending 
on the brightness of the day, air movement, and air temperature, to 
say nothing of the thickness of tho pollen coating and its moisture 
content. 

Jf the observed increase in proportion of waxy to horny seeds follow¬ 
ing the use of pollen stored in direct sunlight is simply the result of 
high temperatures, then pollen stored at temperatures of 35° to 45° (\ 
in the dark should produce similar changes in the percentage of waxy 
seeds. 

To test this point a vertical oven was constructed with a light bulb 
at the bottom as the source of heat. This oven, with four wire shelves 
and a damper control, pro\ed to give very constant temperatures. 
The four stages provided temperatures of 31°, 32°, 35°, and 45° (J., 
which could lie held within a range of 1° with infrequent attention 
to the damper. 

Pollen collected from 50 heterozygous plants was sieved to remove 
anthers and thoroughly mixed. This sample w^as then divided into 
subsamples, which weie placed in small glassine bags, each subsain pie 
having enough pollen to servo 2 years. The glassine bags were then 
numbered, and the pollen from one was used immediately to pollinate 
two ears of homozygous waxy plants. The silks of these ears had been 
cut back 24 hours previously to provide a uniform brush about 1 inch 
long. The bags of pollen to be treated woro subjected to tho four 
OAen temperatures for VA hours, after wdiich tho pollen was applied 
to ears in the same progeny as the ears pollinated with tho fresh 
pollen. Because of the distance from the field to the laboratory and 
the time consumed in making tho pollinations, the period elapsing 
between the time the treated pollen was collected and the final 
application w as 5% hours. Each of the subsamplos was used on 2 
ears, except that in a few cases, where one of the ears had but few 
silks, three ears were pollinated from a single subsample. Tho 
results are summarized in table S. 

It wdll bo soon at once that the treatments, far from increasing the 
percentage of waxy seeds, actually reduced it. The control lot 
deviated slightly but not significantly below equality, but without 
exception all the heat treatments tried in this experiment resulted 
in significant reductions in the percentage of waxy seeds. 
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Tab Lb 8—- Percentage of waxy seeds obtained from pollen subjected to various 

temperatures for 1 l /> hours 


Treatment (° C ) 

Ears 

Total 

seeds 

W’axy seeds 


Number 

Nu mber 

Percent 

Control 1 

3 

84ft 

47 87±1 15 

31 

ft 

2,310 

39 44-fcl 05 

32 

8 

1,45* 

3. 07ft 

38 13=4-1 17 

35 

11 

40 08dr 85 

45 

0 

2.409 

39 69=4=1 57 


1 Pollen applied immediately after subsamplin^ 

A second experiment was conducted with pollen handled in the same 
fashion. In this experiment pollen was collected from 50 plants and 
thoroughly mixed. Subsamples were then poured into small glassine 
bags, 'which were assigned consecutive numbers. These subsamples 
were divided into three groups. One group was stored for 2% hours 
at 37° C\, another was stored for the same length of time at 16 0 , and 
the third w as held in an atmosphere of oxygen drawn into jars through 
sulphuric acid. All three treatments gave very low r percentages of 
waxy seeds, the mean percentages being 32.49±0.49, 31 18±Q53, 
and 37.73i-0 45, respectively. The results of the tw^o temperature 
treatments were nearly alike in the percentage of waxy seeds, indicat¬ 
ing complete absence of temperature effect and pointing clearly to 
some other disturbing factor. 

These ears are the first in which a reduction in the percentage of 
waxy seed was observed to follow the use of stored pollen, but other 
lots were encountered subsequently and similar reductions have been 
reported by Brink (2) Further it should be noted that all pollen 
produced at the Arlington Experiment Farm in 1928 and subjected to 
various treatments ga\e similar reductions in the percentage of waxy 
seeds. Although the experiment affords no proof that high tem¬ 
peratures offer the explanation for the observed effect of storage of 
pollen in the sunlight, it must be borne in mind that the technique 
followed in handling the pollen samples differed radically from that 
previously employed. In fact the general reductions in the per¬ 
centage of waxy seeds obsened in all pollen samples handled in bulk 
at Arlington raises the question as to w r hether the results are not 
directly ascribable to this method of handling the pollen. 

In addition to the oxygen series already discussed, storage in 
oxygen w as tried on 3 other days. As it happens, no other ears are 
available for comparison on 2 of these days, as all other treatments 
tried, such as high temperatures, carbon dioxide, etc., proved lethal. 
How ever, a series of 10 ears resulted from fresh pollen used on 1 day 
(Aug. 4). These 10 ears had a mean of 46.24±0 78 percent waxy 
seeds. The summarized data for the oxygen treatments are given 
in table 9. 

All four groups of ears resulting from pollen stored in oxygen had 
less than half of the seeds waxy, and the deficiency became greater 
as the season adx anced. No significance is attached to this relation¬ 
ship, as numerous attempts to discover a seasonal trend in the 
w axy-horny ratio in many progenies have always resulted in failure. 
However, Chao (4), working wdth the glutinous gene in rice (which 
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corresponds in effect very closely with the waxy gene in maize), found 
evidence of a seasonal trend in the survival of pollen grains bearing 
this gene. 

Table 9. —Ptrccniagc of waxy needs obtained from pollen stored m oxygen for 

4}z hours 


Date 

Ears 

Total 

seeds 

A\ a\> seeds 


Nu mber 

Numbir 

Pm nit 

July 31 

5 

1, 727 

48 52±1 23 

Aug 1 

7 

2, 345 

4b 31rt 1 31 

Aug 4 

4 

137 

40 HHi: 1 30 

Aug 7 

22 

11, 449 

37 73± .45 


When the mean percentage of waxy seeds obtained from the use of 
fresh pollen (46.24 ±0.78) was compared with that obtained from 
pollen stored in oxygen (40.88 ±1.30) on August 4, the difference 
was found to be 5.36 ±1.52, the oxygen-treated pollen giving the 
lower percentage. 

At Lanliam, Md., in 1928, bulk samples of pollen were collected 
from heterozygous plants, but, instead of combining the pollen of 50 
plants, only 10 plants were used and several collections were made. 
Numerous exposures to sunlight were tried, but in every case this 
treatment killed all the pollen. 

One experiment involved dividing the bulk pollen into three sub¬ 
samples, applying one subsample fresh to seA oral ears, exposing a simi¬ 
lar quantity to direct sunlight for several hours, and placing the third 
lot in an oven. Five bulk samples, collected at five different hours in 1 
day, were treated in this manner. Not a single lot exposed to sunlight 
produced seed, but the oven samples were more successful. These 
are compared with the controls in table 10. The longest period of 
treatment corresponds with the earliest time of collection, sincr r all 
treated samples were removed from the oven at the same time. 


Table 10. —Percentage of waxy seeds obtained from fresh pollen and from duplicate 
polUn sample3 held m the dark for various piriods and at various Umperatuns 


Sample no. 

Hour of 
collection 

Treat 

Teruiter- 

ature 

went 

Duration 

Ears 

Total 

seeds 

\Vax> seeds 


A m 

°«T. 

Hours 

Numbtr 

Numbtr 

Pircntt 



/ 0) 


7 

l, 729 

50 b4=t 1 03 


n lA! 

\ 35 

m 

5 

345 

71 04 ±3 40 



1 (I ) 


5 

1,308 

48 64±1 51 

2. 

830 

2f) 

8 

5 

700 

40.15rhl. 41 



[ 28 

8 

6 

1,07b 

46.40± .82 

3 

(i i/1 

/ (l > 

_ 

8 

1,080 

40 04dbl.0b 


” uU 

\ 28 

7 

8 

2,038 

47 42±1 01 

4 


/ 0) 


10 

3,105 

49 08± . 80 


JO iu 

\ 20 


13 

5,401 

48. A2± .37 

5 

111 

( 9) 


1 

lb8 

53 00±2 50 


JU JU 

\ 35 


4 

1,525 

■ 

49 51± 95 

: 


1 Pollen applied fresh. 









106 


Journal of Agricultural Research 


Yol. 62, no 2 


It will bo noted that, with the exception of the 8’j-liour treatment 
at 35° C\, all treatments resulted in a lower percentage of waxy seeds 
than their corresponding controls. The group of five ears resulting 
from the SChour treatment and having a mean percentage of 71.0 ±3.5 
waxy seeds was consistent, although, as the total (145) shows, the 
ears had very few seeds. So far as known, there was no difference in 
these samples other than the time at which the pollen was collected 
and the length of the storage period. However, from the fact that the 
pollen collected at 10:50 a. m. and stored for 5% hours at 35° gave no 
evidence of an increased survival of waxy pollen grains, it is highly 
doubtful that the change observed in lot 1 after 2% more hours of 
storage could have resulted from the additional time unless a definite 
threshold reaction be assumed. It seems more likely that the pollen 
collected at the earlier period was in some manner more sensitive 
to the conditions imposed and that the waxy grains were slightly 
more able to resist the unfavorable treatment. Certainly the number 
of seeds obtained from this lot of treated pollen was very much less 
than that obtained from lot 5. 

In the years 1931 and 1932 all pollinations were mado ^Jn the 
individual plant basis. Each sample of pollen from a heterozygous 
plant was subdivided and one lot was used fresh as a control. Various 
periods of exposure and several stages of heat treatment wero tried. 
The results are summarized in table 11. When the array of mean 
differences is examined, it is seen that the percentages of waxy seeds 
from stored pollen range from a deficiency of 3.0±0.9 to an excess of 
17.3±4.0. The duration of the treatments ranged from 15 minutes 
to 2 hours, and the temperature to wilich the several samples were 
subjected ranged from 40° to 50° C. In attempting to derive order 
from this series, it became apparent that the closest relationship is 
that between the length of the exposure period and the degree of 
alteration in the proportion of functioning waxy pollen. The coeffi¬ 
cients of correlation of ranks calculated for these variables are as 
follows: Between the difference in the percentage of waxy seeds and 
duration of exposure p—0.614; between the difference and temperature 
P”—0.25; and between duration and temperature p — — 0.7. The 
last-named coefficient, of course, results largely from design, since 
for the most part the pollen samples w ere kept at the highest tempcra- 
turcs for the shorter periods. With only 9 points, these coefficients 
can be only suggesthe. 

There can be no question but that the series of ears resulting from 
the use of pollen stored in the dark for 2 hours at 41° C. in 1932 had 
significantly higher percentages of w axy seeds than the ears pollinated 
with duplicate samples of fresh pollen. IIow r ever, oven in this series 
of nine comparisons there were three w r here no effect of storage was 
obtained. In the other groupings there are scattered samples where 
unquestionable alterations have occurred, especially in the series ol 
12 eai-s held on July 30, 1932, for l l i hours at 47°. The scries as a 
w hole is so variable that the mean change is hardly significant. 

In addition to the scattered samples showing increased effectiveness 
of w axy pollen grains following storage, there are several cases where 
the treatment seems to have acted unfavorably on the waxy pollen. 
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Table 11. — Percentage of waxy seeds from fresh pollen and from pollen stored for 
various periods ana at various temperatures 1 


Date 

Treatment 

Paired 

ears 

Total seeds from 
indicated pollen 

DilTorenee m 
wux> seeds 
from fresh 
and from 
stored pollen 

Duration 

Temper¬ 

ature 

Fresh 

Stored 


Minnitx 

° C 

JSumbtr 

Number 

Numbtr 

Pircrnt 

Jul> 28 _ 

15 

12 

9 

0,31G 

5,049 

3 0±0.9 

July 29 

30 

49 

5 

2 . 201 

1,310 

—3 0±3.0 

July 30- 

30 

44 

4 

2,425 

1,270 

7+2.2 

Auk. l 

:io 

40 

2 

1.121 

1,857 

1.4drl 0 

Auk. 2 - 

20 

50 

7 

3,999 

4,002 

1. 1±2 3 

July 28 

90 

44 

o 

1,909 

2 , 128 

1 1:4_2. 1 

July 30 ! 

90 

47 

12 

16,013 

13, 724 

-7.9+2 0 

Auk 3 

75 

41 

8 

10 , 450 

10,031 

—. 9+ .7 

Do 

120 

41 

9 

11,000 

8 , 184 

17 3+4.6 


i Pollmations.were made with collections from individual plants, each pollen parent furnishing a fresh 
and a treated sample. 


One other series of comparisons of pollen treatod in the dark 
remains to be discussed. In this last series individual plant samples 
were subdivided into two lots. One lot was stored at 10° C., the other 
at 25° for periods of 7 hours and 10 minutes to 7 hours and 30 minutes, 
both being in the dark. Tho pollen stored at 25° gave a sligldy 
higher percentage of waxy seeds than that stored at 10° but the 
difference (2.6±.9) is not significant. Both samples gave mean 
percentages of waxy seeds slightly above 50, which is unusual. 

Storage Uvdku Artificial Licht 

For experiments designed to determine the olloct of light on the 
survival of pollen grains, the sun constitutes a capricious and an 
uncertain source of illumination since sunlight varies in intensity 
with each passing cloud. Even on bright clear days the intensity of 
radiation varies, and exposures to uniform amounts of radiation are 
not often obtainable. The chief advantages of sunlight lie in the 
amount of energy delivered and in the area covered, which makes 
possible the exposure of large numbers of samples. These advantages 
are offset by the difficulty in estimating the amount of radiation 
delivered over a given period. The development of the photronic 
cell has provided a means of rapidly measuring changes in radiation, 
but where the radiation is varying during an exposure period even 
frequent readings of this instrumrtit permit only a coarse estimate of 
the amount of radiation. Accordingly a controlled source of illumi¬ 
nation was sought. 

It was known from the experiments of Brink (2) with ultraviolet 
and also from the fact that sunlight is effective through glassino paper 
(having a transmission spectrum similar to that of window glass) that 
wave lengths in the ultraviolet region were not essential in differen¬ 
tiating waxy from horny pollen grains. 

It was desirable that the artificial source of illumination should 
have an emission spectrum similar to sunlight and that the energy 
output should be such that long exposures were not required. 
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Providentially there was introduced at about this time a lamp 
designed to meet the therapeutic fad of the moment for home sun¬ 
tanning. This lamp ingeniously combines the mercury vapor arc 
with a glowing tungsten filament and when equipped with a Corex 
glass bulb affords in simple form a fair approximation to sunlight, 
though somewhat deficient in the middle region of the spectrum. 
The radiant energy at a distance of 20 cm from the source is roughly 
0.1 that of sunlight at the earth's surface on a bright day. 

This light w^as placed in operation in 1930, a year that in the vicinity 
of Washington, 1). C\, was notable for an extended drought. Pre¬ 
liminary experiments showed that pollen exposed to this light for 
one-half hour failed to germinate on corn silks, but shorter exposures 
offered more hope. The treatments were planned, therefore, on the 
basis of exposures of 5, 10, and 15 minutes, and in addition some 
samples were illuminated through a quartz cell carrying a stream of 
cold water as a means of preventing a rise in temperature. 4 

The rigors of the season played such havoc with the results that 
few ears were obtained and these had very few^ seeds each. A single 
complete set, having enough seeds to carry some statistical height, 
represents the results for this year. These data are shown in table 12. 

Tabik 12 —Percentagt of waxy seeds obtained from subsamples of pollen from a 
smgl( plant , applied frith or after exposure for various periods to artificial light 
of 1 ,‘JOO foot-candles 1 


Treatment 



Duration 

Temjvera- 

ture 

1 otal 
seeds 

Wax> seeds 

Minutes 

°C 

Number 

Percent 

0) 

30 

202 

48 6±2 0 

0 

38 

122 

54 9±3 0 

10 

40 

100 

04 0db3 2 

15 

40 

177 

71 8=fc2 3 | 

15 1 

43 

135 

51 l±2 0 


1 Estimated from known distance between lamp and pollen 

* Pollen applied fresh 

* Polleu protected from high temperature by quartz water cell. 


The pollen used on these five ears was from a single heterozygous 
plant, and the results show that the factors operating during the 
exposures to light, in the absence of the quartz water cell, brought 
about a decided alteration in the proportion of waxy to horny pollen 
grains functioning in fertilization. The single ear resulting from the 
use of pollen exposed to light for 15 minutes but protected from high 
temperature by the quartz cell shows equally clearly that light alone 
does not affect these two sorts of pollen grains differentially. 

The temperature as measured by an exposed mercury-bulb ther¬ 
mometer rose under the quartz w ater cell from 36° to 43° C., whereas 
without the protection of the water cell the temperature attained a 
maximum of 49°. As it has been shown that temperatures of this 
degree for such short periods are ineffective, the possibility may be 
entertained that the differential functioning of these two sorts of 
pollen grains is brought about by the combination of light and heat. 

* The writer is indebted to Dr F S Brackett, formerly of the Division of Radiation and Organisms, 
Smithsonian Institution, for suggesting the use of this dev ice and for the cell itself. 
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Slight support for this hypothesis is derived from a summary of all 
the seeds obtained from these experiments in 1930. 

The high mortality of all pollen in 1930 prevented comparisons of 
individual pollen samples, but the seeds may be summarized. From 
the use of fresh pollen, 3,8G2 seeds were obtained having 50.0±0.6 
percent waxy; from pollen treated with artificial light not protected 
by the quartz water cell, 1,094 seeds were obtained having 53.0±1.0 
percent waxy; when the pollen was screened by the quartz w ater cell, 
2,479 seeds were obtained with 49.1 ±0.7 percent waxy; and when 
pollen was stored in the dark at temperatures identical with those of 
the unprotected light series, 260 seeds w r ere obtained having 50.1 ±2.1 
percent waxy. The errors in the above summary are calculated from 
the total number of seeds and no great significance can be attached 
to the results. There is thus a slight indication that light plus heat 
produces an effect not obtained with either factor alone, but the data 
are far from conclusive. 

Since the data obtained in 1930 were inadequate, an extensive 
series of exposures to artificial light was tried in 1931. These exposures 
ranged from 5 to 45 minutes, all without the quartz water cell. 5 The 
results are shown in the first 11 entries in table 13. Not one of the 
treatments produced a significant alteration in the proportion of waxy 
to horny pollen functioning in fertilization. 

Table 13. —(\ omparison of results obtained from fresh pollen and from pollen 
exposed for various periods to artificial light of 1 ,dOO foot-candles 1 


July 25 
July 26 
Do. 
July 28 
Do.. 
July 30. 
Do 

Aug 1__ 
Do.. 
Do 
Aug. 2. 


July 30 
Do. 
Aug 3 
Do. 


Treatment 3 


Date 


1031 



Duration 


Minutes 

20 

10 


15 

20 

30 

15 

30 

45 

20 


3 00 
00 
75 
120 


- 

— 

, — 

— 

- 



Total seeds from 



Paired 

indicated pollen 

in waxy 
seeds from 


com pari 



fresh and 

Tempera¬ 

ture 

sons 

Fresh 

Treated 

from treated 
jxillpn 

° r. 

Number 

Nv mber 

Numbn- 

Parent 


5 

2,331 

2,027 

-0 2±2.0 


n 

3,975 

3 f 717 

.0±1.2 


i) 1 

2,798 

2,508 

1.6rhl.7 

47 

6 

3,908 

2, 790 

3.Si 1.7 

45 

7 

4,908 

5,005 

.Oil. 4 

41 

, r t 

2,089 

2,403 

-3.0i2 1 

4(5 

5 

5,705 ! 

2,181 

1 7±1. 3 

39 

9 

4.888 

2. 901 

2.5il. 1 

42 

9 

5,209 

0, 761 

4. Oil. 1 

43 

4 

1,514 

1, 550 
1,581 

. 2il. 7 

44 

5 

2 , 930 

—\ 2i2. 0 

37 

6 

10,130 

3,302 

-9 0*3.1 

47 

5 

7, 590 

25 

-55 0i3.0 

4 40 

5 

0 , 540 

1,384 

-47 Oil. 9 

4 41 

6 

8,224 

157 

— 58.8il. 2 


1 Estimated from known distance between lamp and pollen. At this distance the pollen was exposed to 
1,200 foot-candles in 1932, when the illumination was measured by the photronic cell 
3 Pollinations were mude from collections from individual plants, each pollen parent furnishing a fresh 
and a treated sample. 

3 At 800 foot-candles. 


A single experiment was arranged whereby the pollen samples were 
exposed at different distances from the source of light, all being ex¬ 
posed at the same time and for the same period. The distances were 
so arranged that the uppermost sample received four times the radiant 

1 The photronic cell was not available in this year, but the following year it was found that at the distance 
that separated them from the lamp the pollen grains were subjected to light of an intensity of 1,200 foot- 
candles. 
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energy of the lowest sample. The comparison involved fresh pollen 
and pollen exposed for 20 minutes at distances of 32 cm, 24 cm, and 
16 cm from the light. The following percentages of waxy seeds were 
obtained: From the fresh pollen, 45.0±0.7; from the pollen exposed 
at 32 cm, 43.2±0.6; at 24 cm, 44.1 ±0.7; and at 16 cm, 45.3 ±0.8. 
Clearly for the time involved (20 minutes) the light produced no 
effect on the proportions of the two sorts of pollen grains, nor is 
there any evidence that the ratio varied with the energy received. 

In view of the conflicting results in these experiments with pollen 
ratios, further experiments were conducted in 1932. The summarized 
results are shown in the last four entries in table 13. Exposures as 
short as 1 hour with an illumination of 800 foot-candles, as measured 
w ith the photronic cell, produced a marked differential in the survival 
of the two sorts of pollen grains in certain samples. When the light 
intensity was raised to 1,200 foot-candles and the exposure time was 
extended beyond 1 hour, the treatment was almost completely lethal, 
but of the pollen grains that survived by far the largest proportion 
bore the waxy gene. With one exception (the lK-hour exposure at 
1,200 foot-candles), the temperatures of the treatments were not so 
high as those of 1931, but the difference in effect between the 2 years 
is striking. 

A direct comparison of the effect of artificial illumination and of 
treatment in the dark at the same temperature is given in table 14. 
The ears in each comparison are from identical lots of pollen collected 
from individual male parents. The pollen samples stood side bv side 
during treatment, the only difference between them being that the 
dark series were in covered pill boxes. The number of seeds in the 
light series is unfortunately small, and indeed only two of the ears in 
this series have any significance by themselves. In the aggregate, 
however, they emphasize the greater effect obtained with relatively 
high temperatures in conjunction with light as compared with the 
effect of similar temperatures in the dark. 

*1 AHi.h 14. Percentage of icaxtj suds obtained from pollen subjected to artificial 

illumination of 1,100 foot-candles and from duplicate samples of pollen stored 

m the dark 


Seeds from pollen exposed to— 


1 ivtiiim'iii 




Cullen 

Calk 

Lurht 

1 


wimple 

_ 




Duration 

Tein]H»r- 
ature * 


Total 

W a\> 

Total 

Wa*> 

Hours 

0 c 

Ao. 

Number 

Perce nt 

Number 

Percent 

| 


2m 

2. 306 

50 0-fc0 7 

3 

100 



zm 

1,008 

68 \±\ 0 

7 

100 

1 1*1 

47 

24:17 

1,272 

37 H± .9 

122 

66. 4± 2 9 



2461 

1,936 

4 » Oi . 8 

4 

1(H) 1 



2481» 

1 161 

1 84 5=fcl 9 

7 

100 


1 

:to<>7 

1 58 

84. 5=fc3 2 

(> 

S3 3±10.2 

l i 

1 

2816 1 

1 450 

81.3±1 2 

16 

100 

1 


2694 I 

[ 672 

92.1± .7 

116 

100 

1 2 

41 

2658 

2.020 

48 i)± . 8 

8 

100 


1 

2843 1 

1,862 

M R± 8 

10 

90 ± 6.4 



3218 j 

422 

49 \±l 2 

6 

100 

2 

47 | 

3629 

43 

53 5dt 5 1 

5 

100 


‘ The temperatures* given are the maximum attained during treatment 
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INDIVIDUAL PLANT RESPONSES TO POLLEN TREATMENTS 

The individuality of the reactions of the various pollen samples to 
the dark treatment has already been pointed out; a more detailed 
discussion follows: 

As an illustration of the variability of reaction of different samples 
of pollen, the data presented in table 15 have been assembled. The 
pollen was collected from four sister plants at 8 a. m., July 30, 1932, 
and subjected to various treatments. These four plants were chosen 
for this presentation because the treatments were alike and reason¬ 
ably successful in all categories. It will bo observed that (1) only the 
pollen produced by plant 3005 showed a reaction to sunlight, (2) only 
the pollen from plant 2.825 failed to react to 47° C. in the dark for 
1 ’2 hours, (3) the pollen of plants 2480 and 3005 failed to show any 
effect of storage for 24 hours, and (4) the pollen of plant 3007 failed 
to respond to artificial illumination of 1 hour’s duration. 

The pollen from all plants responded to some treatments, and it is 
not possible to conclude that the pollen of one plant is more or less 
sensitive than that of another. Apparently the condition of the pollen 
determines its response to a particular treatment. Thus pollen from 
plant 3005 reacted to sunlight, artificial light, and high temperature 
in the dark, but storage for 24 hours failed to bring about a change. 
On the other hand, pollen from plant 2825 showed only a relatively 
slight effect when subjected to artificial illumination but a pronounced 
reaction to prolonged storage. 

Because of their individuality, these responses give little insight into 
the nature of the reactions causing the differential survival of the two 
sorts of pollen, but they help to explain the variability encountered 
in arrays of ears obtained from the use of treated pollen. 

Table 15. — Percentage of waxy seids front pollen collided front ^ plants at the 
same time , July ,H) f lD.)* y and subjected to light and darkness Jor various periods 
and at different temperatures 


Treatment j Seeds from pollen collected from plant no — 






2825 

2480 

! 3(X)5 


3007 

Exposure 

Dura- 

Light 

inteu- 

Tern- 









tion 

I>era- 










sity 

ture 1 

Total 

Wa\> 

1 Total 

1 Waxy 

Totul 

■\\ axy 

Total 

Wn\\ 



Fool- 











Mm - 

can * 


Am m- 


\um- 


Afywj- 


Num - 


Fresh .... 

utes 

dies 

O 

her 

Percent 

her 

Ptmnt 

ber 

Percent 

ber 

Percent 




1,418 

1,303 

45.3+0.9 

2 , ,fl8 

1,378 

44 0+0 7 

2,296 

1,245 

46.0+0.7 

2,100 
1,286 

48.9+ 0.7 

Sun_. 

16i 

4,000 

42 

40.9 1 .9 

48 3+ .9 

42.6+ .9 

45.6+ .9 

J)o._ 

30 

4,400 

42 

030 

43 6+1.1 

892 

61 0+1.1 

945 

48 8+ 1.1 

1,240 

885 

44 3+ 1 0 

Do... 

46 

4,400 

42 

1,278 

47.2d- .9 

665 

48.3+1.4 

250 

01 .0+2.1 

48.0+ 1 i 

Eight ... 

Hours 

1 

800 

37 

1,347 

63.3+ .9 

18 

88 .9+5.2 

705 

59 3+1.2 

1,000 

51.7+ .8 

Do.. 

m 

1,200 

47 


7 

100 0 



0 

83 3+10.3 

Dark. 

37 


. 1 



"1*353 

I 47.2+ 9 

1,005 

45.9+ 1.1 

Do.... 

W 

24 


47 

1,179 

43.1+1 0 

' " ioi 

84.5+1*9 

199 

73 9+2 1 

58 

84.6+ 3.2 

Do.. . 

. 

2 t> 

253 

74.3+1 9 

277 

44.8+2.0 

708 

45 9+1.3 

1,155 

04.0+ 1.0 


1 Maximum attained during treatment 
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DURATION OF STORAGE 
Seventeen Hours 

By collecting pollen in the afternoon, using one lot immediately as 
a fresh control, and applying the remainder the following morning, a 
storage period of 17 hours was obtained, during which the pollen was 
kept in covered containers at room temperature. 

In this experiment pollen was collected from individual plants at 
Arlington, Va., at 4 p. in., August 6, 1929. The stored pollen was 
applied at 9:30 a. in. the following morning, giving approximately 17 
hours of storage. In 19 samples the pollinations were successful in 
providing ears from both the fresh and the stored pollen. The ears 
obtained from the fresh pollen had the highest percentages of waxy 
seeds, but the difference of 2.02±1.13 is not significant. 

Although there were only 19 successful paired pollinations, 25 ears 
were obtained from fresh pollen and 26 ears resulted from the use of 
stored pollen. When these tw r o groups were examined from the stand¬ 
point of their female parents there was seen to be strong evidence of 
the influence of the female parent on the percentage of w r a*v seeds. 
The waxy plants used as female parents in this experiment were in 
two progenies. The plants in one group were designated by numbers 
between 1200 and 1300; in the other group, by numbers between 500 
and 700. 

Fresh pollen applied to the plants numbered between 1,200 and 
1,300 produced 49.1 percent waxy seeds. Similar pollen applied to 
plants of the other progeny produced a mean percentage of 47.7 waxy 
seeds. The tw^o groups are in fair agreement, x 2 equaling 2.06 (P= 
0.147) and the mean of the two being 48.4. However, when stored 
pollen was applied to plants numbered between 1,200 and 1,300, the 
resulting seed was but 41.96 percent waxy, whereas similarly treated 
pollen used on plants numbered between 500 and 700 gave ears with 
a mean of 51.51 percent waxy seeds. The plants furnishing the pollen 
were not sibs of either progeny used as female parents. The x 2 of the 
difference between these two progenies is 7.05 (P ==0.008). 

In one case storage decreased the effective proportion of waxy 
pollen grains, wdiereas in the other case the proportion of these pollen 
grains was increased. Clearly there is an effect of the female parent 
on the behavior of stored pollen. No such effect can be demonstrated 
for the fresh pollen; in fact, the progeny that gave the highest per¬ 
centage of waxy seeds from the use of stored pollen gave the low r est 
percentage when fresh pollen w’as used. The difference between the 
two progenies in their reaction to stored pollen as compared with fresh 
pollen is 10.99±2.21. The data are given in table 16. 

T\blf 10 — Effect of female parent on percentage of waxy seeds from fresh and 

from stored pollen 


' W’ax\ seeds from mdicatpd ! 


Female parent progenv 

pollen 

Difference 

no 1 


-- 

(fresh—stored) 


Fresh 

Stored 



Percent 

Percent 

Percent 

ljnu 

-10 I4db0 79 

1 41 96.-U 02 

7 18±1 29 

500 . 

47 70±1 .14 

| 51 51=fcl 20 

V3 81±1 80 

Difference... . 

_ J 

1 44±1 55 

| -9 55±1 57 

10 99=t2 21 
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At Sacaton, Ariz., 1929, a short series of plants was self-pollinated, 
one half with pollen collected and applied in the afternoon, the other 
half with pollen stored overnight and applied the following morning. 
The period of storage was 16 hours and 5 minutes and, judging from 
the few cars and small number of seeds, the lethal limit was closely 
approximated. The ears obtained from the use of fresh pollen had 
18.9 ±0.6 percent waxy seeds, those obtained from stored pollen had 
19.3 ±0.8 percent waxy seeds. The difference is not signiticant. 
Both lots of ears have much lower percentages of waxy seeds than is 
customary in strains where no disturbing factor such as the su gene 
is present. 

Twenty-Four Hours 

In 1929, 1931, and 1932 there w r ere a number of instances where 
pollen was stored in the dark (in covered pill boxes) for 24 hours. 
In these cases the pollen was collected in the morning and applied the 
following morning. In 1932 many of these long-period exposures 
were successful, whereas in other years the majority w T cre failures. 
The data are presented in table 17. The results are very erratic, 
with the possible exception of the pollinations made in 1931, where 
there was a consistent and significant decline in the effective pro¬ 
portion of waxy to horny pollen grains in the stored pollen as com¬ 
pared wdth the fresh pollen. 


Table 17 -Percentage of irasi / seeds ohtatnut from fresh polUn ana from pollen 
stored for hours in the dark at an tern p< rat ur( 


Place 


D lie 


Vrhnpton 


Lauhain. 


Vug J 2, 1929 


Vug 1-2, 19 n 


Do. 


July 30-31, 1932. 



Seeds from indicated pollen 

1 >1 Iterance 

Pollen 1 

sirnplel Fresh 

Stored 

in waxy 
.sued from 
fresh and 

I1U 





from stored 


Total 

V\ ax> 

Total 

W aw 

pollan 


\ v mbt r 

A ra nt 

i\ un lit r 

A T( f nt 

‘ 

| ton 

207 

17 2±2 1 

55 

UK) 0 

- 52 8 £2 1 

4U 

370 

50 2_i 1 7 

18 

38 9_£7 8 

17 33-7 9 

I 701 

551 

50 2rfcl 4 

45 

<15 03- 2 1 

- 19 4i2 6 

W 





-11 93=0 7 

( 009 

170 

44 43-1 7 

ji, 

18 03-2 2 

0 43=2 8 

680 

421 

10 S±1 0 

220 

10 13.2 2 

10 4 i 2 7 

j 1857 

182 

41 0 f 1 5 

167 

12 9 3 2 5 

10 73=2 9 

m\7 

107 

01 73.3 2 

278 

41 2±2 0 

17 53 3 8 

1 1959 

543 

47 03 1 1 

331 

43 23 1 8 

! 3 83=2 3 

V\ 

- 




8 53-1 4 

( 2339 

1,203 

43 7Jt 1 0 

514 

44 0 i 1 5 

- 33=1 7 

2340 

1,1178 

45 5rt 9 

410 

43 2±1 7 

2 33-1 9 

2353 

1,055 

42 5j 1 0 

584 1 

40 9 3 1 4 

-4 43=1 7 

2448 

1,115 

40 ldrl 0 

289 j 

43 33.2 0 

2 83.2 2 

2400 

1,000 

41 4=L1 1 

252 

42 53 2 1 | 

-1 I3r2 4 

2401 

1, 184 

41 Oil 0 

385 1 

11 8-3-1 7 

1 23 2 0 

2480 

2,318 

44 03= 7 

277 

44 83 2 0 

- 23.2 1 

2513 

851 

47 4-fcl 2 

323 

78 03J 5 

11 2 3 1 9 

2542 

1,168 

40 lil (1 

455 

19 8 3 1 0 

6 33=1 8 

2638 

495 

40 4i 1 5 

682 

12 1±1 3 

-1 73.2 0 

2825 

1,418 

45 33_ 9 

251 

74 31 1 9 1 

—29 0 ±2 1 

3005 

2,296 

45 Gzb 7 

708 

45 93-1 3 1 

- 33-1 4 

3007 

2.109 

48 9± 7 

1, 155 

04 03.1 0 1 

-15 I3rl 4 

Av... 


J 

1 

1 

-6 13r2 2 


In 1929 and 1932 there were 5 large and unquestionable increases 
in the percentage of waxy seeds following 24 hours of storage, 3 of 

50929—36-3 
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those occurring in 1932. No explanation can be offered as to why 
these 3 samples behaved so differently from the remaining 10, other 
than the possible effect of slight differences in quantity of pollen. 
All of these samples had duplicates that were stored for 1 ¥> hours in 
the dark at a temperature that reached a maximum of 47° C. Two 
of these heat-treated duplicates (samples 2448 and 2513) failed to 
function when used to pollinate waxy plants. 

The fact that the heat treatment proved lethal might be urged as 
indicating a greater sensitivity for these two samples than for the 
remainder, but 24 hours of storage produced only a negligible change 
in the proportion of the two sorts of pollen grains in sample 2448, 
whereas sample 2513 showed a very great change. 

Aside from the samples that failed to produce ears, sample 2460 
had a period of storage in the sun for 1 hour and a duplicate sample 
had a covered exposure in the sun designed to equalize temperature 
effects. The exposure to direct sunlight proved lethal, but the 
covered sample produced 10 ears showing no alteration in the pro¬ 
portion of the two sorts of pollen grains, the temperature in this case 
having attained a maximum of 50° O. All the other samples, witli 
the exception of samples 2340, 2353, and 2825, gave significant 
increases when stored for 1% hours in the dark at 47°. Apparently 
the exceptions, 2340, 2353, and 2825, w^ere not, sensitive to the treat¬ 
ment, yet sample 2825, when stored for 24 hours, showed a large 
increase in the functioning proportion of waxy to horny pollen grains. 

These 24-hour periods of storage are of interest chiefly in showing 
that in some instances the processes that effect the differential func¬ 
tioning of these two sorts of pollen grains take place with the passage 
of time in the absence of light and at ordinary temperatures. 

EFFECT OF POLLEN STORAGE ON PERCENTAGE OF WAX\ SEEDS IN BUTTS AND TIPS 

If certain storage conditions gradually reduce the vitality of the 
pollen grains so that the tubes of weakened grains grow r more slowly 
than those of fully vital grains and if this reduction in vitality takes 
place faster in horny than in waxy grains, then the proportion of 
waxy to horny seeds in the butts of ears pollinated with stored pollen 
should be higher than that found in the tips of the same ears. 

In bulk populations where classifications were made separately for 
the butts and tips, it was found that ears resulting from fresh pollen 
had 43.7 ±0.6 percent waxy seeds and that ears resulting from pollen 
stored in the light for 7}n hours had 48.4 dr 0.8 percent waxy seeds, 
a difference of 4.7JL1.0 due to storage. The increase is not great 
but it is significant and of sufficient magnitude to show an effect of 
treatment. Unfortunately, when these pollen samples were treated 
there was no direct sunlight, the day being cloudy and overcast, with 
high humidity. This may be the explanation of the slight increase 
in effectiveness of w axy pollen grains as well as of the unusual number 
of successful pollinations obtained with stored pollen. Although the 
observed alteration in the effective proportion of the two sorts of 

f >ollen grains is low, certain pertinent information may be derived 
rom a comparison of the percentage of w axy seeds in the butts with 
that in the tips of the ears. 

In a group of 56 ears resulting from the use of stored pollen, the 
difference between the percentage of waxy seeds in the butts and that 
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in the tips was 3.1 ±0.4 percent. In a group of 31 ears resulting 
from the use of fresh pollen, the difference between the percentage of 
waxy seeds in the butts and that in the tips was 0.7±0.5. In both 
cases the butts had the higher percentage of waxy seeds. The differ¬ 
ence between these differences is 2.4±0.7, which may bo considered 
signilicant. No such difference between butts and tips in the percent¬ 
age of waxy seeds is found when pollen from homozygous waxy plants 
is used on ears heterozygous for the waxy gene. In this same popu¬ 
lation the plants that furnished the heterozygous pollen for storage 
treatments were pollinated with homozygous waxy pollen, and the 
seeds from the butts and from the tips were separately classified. 
There w T erc US of these ears, with a mean difference between butts 
and tips of 0.3±0.3 in the percentage of waxy seeds, the butts having 
the higher percentage. 

In the comparison between the percentage of waxy seeds in the 
butts and in the tips of stored and fresh pollen, not all of the ears 
examined came from identical pollen samples, for in some cases the 
fresh half of the pollen sample produced ears when the stored half 
failed, and in other cases the reverse was true. There were, however, 
17 cases where paired pollinations produced cars, one from the fresh 
and the other from the stored half of the pollen. Restricting the 
comparison of the percentage of waxy seeds in the butts and in the 
tips to these 17 pairs of ears, it is found that the percentage of waxy 
seeds in the butts is higher than that in the tips in both lots of ears 
and that the difference between the differences is 1.0 1-0.9 percent, 
the greater difference being found wdiere the ears resulted from the 
use of stored pollen. This is not a significant difference. 

If the differences observed in the bulk populations are due largely to 
reduction in pollen vitality by conditions operating during storage, 
it should be found in this population that the ears with fewest seeds 
had the greatest differences between butts and tips in the percentage 
of waxy seeds. This relationship would not be very close, as many 
factors other than pollen vitality influence the total number of seeds 
produced on an ear. The product-moment coefficient of correlation 
between the number of seeds and the magnitude of the difference in 
percentage of w axy seeds between butts and tips is found to be - 0.245, 
indicating that, as the number of seeds increased, the percentage of 
waxy seeds in the butts and tips tended to reach equality. This 
coefficient, however, is not significant, P falling between 0.1 and 0.05. 

In the bulk populations, it is found that in the group of 50 ears 
resulting from stored pollen there is a correlation of 0.701 ±0.040 
between the percentage of waxy see^s in the butts and that in the 
tips. In the group of 31 ears resulting from the use of fresh pollen 
this correlation is 0.028±0.075. In the group of 118 ears resulting 
from the use of homozygous waxy pollen on ears heterozygous for 
waxy, the correlation is — 0.017±0.002. Clearly, the relationship 
between the two halves of the ear in percentage of waxy is much 
closer where pollen is involved than where the distribution of seeds 
is determined by the formation of the ovules. 

Since in this material each main sample represented a single 
heterozygous plant, it might be argued that the plants differed with 
respect to the production of viable waxy pollen grains, it is more 
probable, however, that the viability of pollen was changed by some 
condition subsequent to an thesis. With stored pollen, where an 
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artificial difference has been interposed between the several lots of 
pollen the intraclass correlation is marked. It should be borne in 
mind that in the two series of ears resulting from heterozygous pollen 
essentially the same plants are involved as pollen parents. The 
stored pollen was identical with that of fresh pollen insofar as it was 
possible to insure identity. However, it is equally clear that although 
the pollen samples were stored in the sunlight under as nearly identical 
conditions as possible some condition was present that served to 
differentiate the separate lots. 

Clearly something operates during storage that tends to make the 
ears pollinated bv a subsample from a given lot of pollen more nearly 
alike than would be expected from chance alone. In other words 
the lots of stored pollen have become differentiated. This could be 
explained on the assumption that the samples differed in moisture 
content at the time of collection, a condition that would have no 
effect on the pollen used immediately but might be an important 
factor in its reaction to storage. Many other explanations suggest 
themselves, e. g., that some lots contained more pollen than others, 
thus providing a variable pollen screen affording the lowPt layers a 
variable protection from the sun. Variation in quantity would have 
little effect on pollen applied immediately. Speculation as to the 
cause or causes underlying the observed differences in degree of 
intraclass correlation are futile, but the existence of these differences 
is further evidence that storage (whatever the factors involved) has 
a differential effect on these two sorts of pollen grains. 

DISCUSSION 

Although the storage experiments conducted with pollen samples 
from maize plants heterozygous for the waxy gene have not resulted 
in demonstrating any regularity of behavior of pollen grains, there 
is no question that the proportions of the two sorts of grains function¬ 
ing in fertilization can be altered by external agencies. It is not 
possible to outline at this time a treatment of pollen that will produce 
a given percentage of waxy seeds, but it may be stated with certainty 
that exposure to light will usually result in an increased effectiveness 
of waxy pollen grains. Were it not for the results obtained with 
composite pollen samples in one season, a like conclusion could be 
reached with respect to beat treatments in the absence of light. As 
the data now stand, heat treatments may either increase or decrease 
the effectiveness of waxy pollen. Under the circumstances, it seems 
more logical to assume that some factor other than the treatments 
given caused the deficiency in the composite samples, in which case 
it might be assumed that heat in the absence of light also increases 
the effectiveness of waxy pollen grains. 

Whatever process takes place in the 1 treated pollen grains it has 
been demonstrated that in some instances time can be substituted 
for light or heat, with similar results. The fact that storage in the 
dark at ordinary temperatures sometimes brings about an unequal 
functioning of the two sorts of grains points in the direction of an 
oxidation process that is speeded by illumination or high temperatures. 

Brink (tf) has shown that the waxy carbohydrate has a lower dia- 
static activity than ordinary cornstarch, and in harmony with this 
finding Sprague {21) shows that pollen grains containing waxy starch 
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require more time for germination than do grains containing ordinary 
starch. If fresh waxy and horny pollen grains are applied to stigmas 
in quantities far in excess of the number of o\ules, the result of the 
differential rate of germination will be a deficiency of waxy seeds. 
However, if small quantities of pollen were used the difference be¬ 
tween waxy and horny pollen in the time required for germination 
would not be reflected in the seed classes, since competition for ovules 
would be largely eliminated. 

If storage conditions operate merely to kill most of the pollen 
grains, then pollinations made with stored samples would in effect 
be made with greatly reduced numbers of effective grains and the 
two types of seed should approximate equality more nearly than when 
fresh pollen is used. 

To account for a deficiency of waxy seeds from the use of fresh 
pollen and an excess from the use of stored pollen, it has been sug¬ 
gested (12) that the two sorts of grains were not equally mature at 
antliesis (a condition that might also explain the diflerenee in time 
required for their germination) and that before waxy grains have 
reached maturity death has begun to eliminate horny grains. 

Sprague’s experiments offer the possibility that the conditions ol 
storage overcome whatever factors operate to delay germination of 
the waxy grains and that the rate of germination of grains of this 
type is actually accelerated beyond that of the horny grains. This 
explanation may be merely substituting germination for maturity, 
but its greater specificity makes it attractive 

In this connection the experiments of Flint (9) on the role of light 
in the germination of lettuce seeds are of interest. Flint shows that 
light in the red end of the spectrum is essential for germination in certain 
samples of seed and that any sample of lettuce seed can be made to 
require red light for germination by a short exposure to radiation in 
the blue end of the spectrum. 

Although it is a far cry from the germination of lettuce seeds to me 
differential functioning of two sorts of pollen grains of maize, it is 
quite possible that snnilar photochemical processes are involved. 
Flint’s work shows that the wave lengths affecting germination in 
lettuce are close to if not identical with those that affect the develop¬ 
ment of rancidity in oils and that these regions ol the spectrum have 
an important function in photosynthesis. 

It may bo that the photochemical process which differentiates be¬ 
tween waxy and homy pollen grains is operating to oxidize fats, in 
which case the waxy gene must have an effect on the typo or quantity 
of stored fats in addition to its woll^recognized effect on the type of 
starch. 

The chief drawback to this hypothesis is found in the loss of 
vitality of stored pollen grains. That storage conditions do kill most 
of the pollen grains hardly needs affirmation, but that the death rate 
differentiates between the two types of pollen can be inferred only 
from the results. 

Attempts to estimate the correlation of the loss in germinating 
power with the time of exposure to deleterious conditions by ger¬ 
minating pollen samples on excised silks have not been very success¬ 
ful, although the tests show clearly that vitality declines. With 
uninjured pollen a casual inspection of silks a few minutes after 
pollination is enough to disclose many germinated grains, but with 
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treated pollen much limiting about may be required before a single 
germinated grain is found. Of course there is no method of distin¬ 
guishing the waxy from the horny grains in a heterozygous sample 
without destroying their vitality. It is, therefore, not possible to 
measure directly any differential change in rate of germination 
between these two kinds of pollen grains that might result from 
storage. 

Information on this point is very limited, for germination tests of 
pollen were made simply <0 obtain an immediate cheek on the lethal 
effect of treatments. Pollinated silks were examined and records 
made as to whether or not germinated grains were found. If no such 
grains were diseo\ered 15 minutes after pollination, another sample 
was examined in half an hour, and this scrutiny w T as resumed at half- 
hour intenals up to It hours. No effort was made to arrive at per¬ 
centages of germination, the records simply noting relative degrees 
of germination. These records do show, however, that some samples 
in which no germinated grains could be found after the first 15 
minutes did in fact have a few* germinated grains after 2 hoyrs. Such 
obser\ations lend little support to the hypothesis that storage treat¬ 
ments accelerate germination. 

Although, in general, stored pollen showed less germinated grains 
than fresh pollen and a slower rate of germination, as measured by the 
elapsed time before germinated grains could be found, the method is 
not wholly satisfactory. In sex oral cases good ears were produced 
with pollen showing no germination on excised silks, and in other 
cases the reverse was true. 

Attempts to find a physical difference between waxy and horny 
pollen grains were without success. This is rather surprising, as it 
seems improbable that such a distinctive chemical difference would 
not be reflected in some measure of size. Indeed, in the seeds a differ¬ 
ence is found in weight (waxy seeds being lighter), and since there is 
no difference in specific gravity waxy seeds are smaller in volume 
than horny seeds from the same ear (?). The difference in volume 
between these two sorts of seeds approximates 5 percent of the waxy 
seeds. Had a similar difference existed in the pollen grains it should 
have been disclosed in the tests with sieves and the micrometer 
measurements. The errors in the determinations of size of pollen 
grains were such that differences of the order of 3 percent could have 
been detected. 

Although it appears impossible to separate waxy from horny 
pollen grains by physical means, Mangelsdorf (16 f 17) has shown such 
separations to he possible with other differentiating genes in maize, 
and the process may be a general one in constant operation. With 
the brief time recpiired for the germination of maize pollen (21), 
even slight differences in size or specific gravity (which would affect 
the time of their deposition on the stigmas) might have selective 
importance. 

In the case of the waxy gene enough evidence has been presented 
to show' that under certain adverse conditions this gene provides a 
survival factor for the pollen grains carrying it. There can be little 
doubt that under the proper conditions only waxy pollen grains 
w T ould survive to effect fertilization, and probably there are many 
other genes that condition similar reactions. With the enormous 
populations of pollen grains provided by every corn plant, an oppor- 
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tunity is present for rigorous selection, ulthough there is no e\idence 
that the pollen grains surviving unfavorable environments contribute 
unusual vigor to the resulting zygotes. 

SUMMARY AND CONCLUSIONS 

No differences in size, weight, or specific gnnity were found 
between waxy and horny pollen grains. 

There is some evidence of a deficiency of functioning waxy pollen 
grains among the grains of smallest size. 

There is no e\idenec that waxy pollen grains are less mature when 
shed early in the morning than when released later in the day. 

Exposure of pollen grains from plants heterozygous for tlie waxy 
gene to direct sunlight for sex end hours increases the proportion of 
waxy grains that effect fertilization in those samples where this 
treatment is not lethal. 

Similar though more erratic results are obtained when such pollen 
is stored in the dark for 1 or 2 hours at temperatures exceeding 40° C. 

Exposure for 1 hour to artificial light of 0.1 the intensity of direct 
sunlight increases the proportion of waxy pollen grains that function 
in fertilization. 

There is some indication that storage at high temperature and also 
in oxygen reduces the proportion of waxy pollen grains that can effect 
fertilization, but since this result has been obtained only with a single 
composite pollen sample collected from many plants it is thought 
that the method of compounding the pollen rather than the storage 
treatment, was the causal factor. 

The greatest change in the relative effectheness of waxy pollen 
grains is found w r hen pollen is exposed both to high temperatures and 
to light. 

Storage in the dark at low temperatures (10° (\) produces no 
measurable effect 

Pollen samples collected from individual plants were found to 
react differently to the several treatments 

Pollen collected in the afternoon and applied the following morning 
showed no change in the rclatixT effectiveness of waxy and horny 
grains. 

Pollen collected in the morning and held in the dark for 24 hours at 
room temperature occasionally show r ed an increased effectiveness of 
the waxy grains. 

When stored pollen is used the percentage of waxy seeds is higher 
in the butts than in the tips of the eqrs, indicating a relative reduction 
in the xdtality of homy pollen pains. 

A single population was obtained that showed conclusively an effect 
of the female parent on the behavior of pollen grains subjected to 
storage. The source of pollen was the same for all ears, and the ears 
resulting from the use of fresh pollen had similar percentages of waxy 
seeds, all slightlv in defect of equality. In one of the groups of ears 
resulting from the use of stored pollen, the percentage of waxy seeds 
was less than that obtained with fresh pollen, whereas in the other 
group of ears stored pollen resulted in a higher percentage of waxy 
seeds than was obtained with fresh pollen. 
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WIDESPREAD OCCURRENCE AND ORIGIN OF FATUOIDS 
IN FULGHUM OATS' 


By F. A. Coffman, associate agronomist, anil J. W. Taylor, associate agronomist, 
Division of Ctreal Crops and Diseases, Bureau of Plant Industry, VniUd States 
Department of Agriculture 


INTRODUCTION 

Fatuoids in oats (Arena L.) have been recognized for about 50 
years (IS, 20) 2 and have been of especial interest for more than 25 
years because of (1) their economic importance and (2) the nature 
of their origin. At present there is more interest in the fatuoid than 
in any other aberrant in the small grains. The fatuoid, or false wild 
oat, usually is similar to the variety in w hich it occurs and is character¬ 
ized by lemmas having awns and basal characters similar to the 
lemmas of A. fatua L. 

The present paper is a further report on a study by the writers (J) 
to show the distribution of the fatuoid in the Fulghum \ariety and 
the role played by natural crossing in the occurrence of fatuoids. 
Fulghum was chosen because it is generally recognized as containing 
more fatuoids than any other agriculturally important American oat 
varictv. 

REVIEW OF LITERATURE 

The possibility of fatuoids becoming economic weeds, such as 
Arena faiua, has been mentioned by several investigators (S, 2S ) as 
well as in press dispatches. The origin of fatuoids is commonly 
attributed either to natural crossing (/, 21), AO, SI, 22, SS) or to a 
form of mutation (J, fi, (I, S, 0, 10, 14, U>, W, 17, IS, JO, 22, 22, 24, 22). 
Since 1007 the mutation theory has gained many adherents and the 
natural crossing but fcw\ Ilowe\er, in 1929, Tschermak (»>/), after 
more than 15 years of study of the problem, asks proof from the 
mutationists as to the purity of their populations. That Tschermak 
has grounds for questioning the purity of an open-pollinated oat 
population is known from natural-crossing studies (11, 12, 27). In 
addition, Coffman and Wiebe (4) have observed examples of apparently 
nat ural crossing between . 1. satina and . 1. jatua, and Aamodt, Johnson, 
and Manson (1) have conducted extensive studies of natural crossing 
between these two species. 

The results of inheritance studies so far reported indicate that 
iatuoids are recessive to normal oats, usually by a single-factor dif- 
ierence. The writers have observed *this to be true in crosses of the 
common, or “A type ”, fatuoid in Fulghum with varieties of either 
Arena satim L. or A. byzanthia C. Koch. The intermediate and 
normal forms are inseparable in some crosses. 

1 Received for publication Sept. Hi, 1935, issued March LWW. 
i Reference is made by number (italic) to Literature Cited, p 130 


Vol. 52, no 2 
Jan. 15, 1936 
Key no. G-994 


Journal of Agricultural Research, 

Washington, D. C. 

( 123 ) 



124 


Journal of Agricultural Research 


V ol 52, no 2 


PREVALENCE OF FATUOIDS 

The cultn uteri red oat (Aveva byzantina ), to which Fulghum 
belongs, is considered by Coffman, Parker, and Quisenberry (#) to be 
a derivative of .1. sUriiis L , and at least two varieties belonging to 
that species, namely, Burt and Fulghum, contain many diverse 
forms, the origin of which is difficult to explain The difficulty in 
obtaining true-breeding Fulghum has been reported by Stadler and 
Kirkpatrick (26), Parker, as reported by Farrell (7), and others. 
Progenies of single Fulghum panicles frequently contain fatuoids 2 
or 3 years after selection, and possibly no selection of extensively 
grown Fulghum is free from fatuoids. 

The information on the prevalence of fatuoids presented in table 1 
was obtained at 28 experiment stations in 17 States of the United 



Jmm hf 1 Uk ition o f experiment stations in the United States where the presence of fatuoids* in Fulghum 

oats has been investigated 


States (1) by questionnaires sent to experiment stations, (2) by 
examination of seed samples of Fulghum oats received from these 
stations, (3) by growing and observing plants grown from this seed 
at Arlington Experiment Farm, Rosslyn, Va., and (4) by observations 
made at the experiment stations themselves. As shown in figure 1, 
stations in all of the important Fulghum-producing States were 
included iu this survey. 

In 19 of the 25 samples of seed received from 18 stations, including 
Arlington Farm, fatuoids were found ranging from 0 to 12 per 2,000 
kernels counted and averaging 0.11 percent for the 50,000 kernels 
examined 

When those seed samples w ere sow n in plots in 1930, it was observed 
that 20 of the 25 seed samples produced some fatuoid plants. The 
number ranged from 0 to 9 per 2,000 individuals and averaged 0.22 
percent in the 41,022 plants observed. The following year a second 
seeding w r as grow r n from 20 of these 25 samples? Progeny from 8 of 
these samples contained fatuoids, ranging from 0 to 0.67 percent per 
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plot. Poor germination resulted in thm stands, but, among 11,924 
plants examined, 16, or 0 13 pereent, were fatuoids 

Table 1 —Summary of data on occurrence of fatuoids in Fulghum oats at various 
experiment stations during several seasons 
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Observations made on 18 southern experiment stations in the 
summer of 1931 disclosed the presence of fatuoids at all stations 
The number ranged from 1 to 9 per 1,000 individuals and averaged 
0 39 percent of (he 10,300 plants examined. 

As a result of several years’ studies it was found that‘a few fatuoids 
were present in Fulghum at all 28 stations m 17 States, that they were 
not more prevalent in fall-sow r n than in spring-sown oat areas; and 
that the number never equaled 1 percent at any station and averaged 
only 0 19 percent in 119,246 individual seeds or plants It may be 
concluded, therefore, that fatuoids are not now weeds in the United 
states, nor are they likely to become weeds under present cultural 
conditions. 

ORIGIN OF FATUOIDS 

CONSTANCY OF FULGHUM WHEN SELFEI) 

Selling studies were conducted to measure the importance of natural 
crossing on the constancy of Fulghum and fatuoids. Individual pan- 
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ides w ere enclosed in glassine bap:*; before flowering and the progenies 
from such panicles were grown. 

Results from selling studies begun in 1927 on Fulghum are presented 
in table 2. In 1927, 97 Fulghum plants were selfod. These furnished 
material for later studies. The number of progenies in which no 
fatuoids occurred after 1,2, 3, and 5 years of selfing, respectively, were 
as follow i : In 1928, 300; in 1929, 220; in 1930, 216; in 1932, 88. ' How¬ 
ever, of 930 Fulghum individuals grown in 1931, the progeny of 4 years 
of selfing, 3 were homozygous fatuoids. Ini ,754 individuals produced 
in 5 years, 3, or 0.2 percent, w r ere fatuoids. 

The infrequent occurrence of fatuoids indicated that larger popula¬ 
tions were desirable, and therefore Fulghum lines open-pollinated for 
a single season after previous bagging were growui a second year. 

No fatuoids due to natural crossing would be expected in Fulghum 
linos open-pollinated for but 1 year, as the fatuoid is recessive to 
Fulghum. 


Tahlj: 2 Occurrence of abet rant individuals in self- and open-polhnated Fulghum 
oats at Arlington Experiment Farm, Jtosslyn , Va. t m the years ^928 82 
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In 1930 there were grown 1,198 progeny individuals, the parents of 
which had been bagged for two generations, i. o., 1927 and 1928, but 
had been open-pollinated in 1929. In 1931 there were grown 9,850 
progeny individuals, the parents of which had been bagged in 1927, 
1928, and 1929 but had been open-pollinated in 1930. Six fatuoids 
were observed in the 1,198 individuals produced in 1930, and 20 in 
1931, a total of 26, or 0.2 percent, in the 11,054 plants. The 1,198 
progeny plants produced in 1930 were from head-to-row r seedings 
and 6 of the rows contained fatuoids. In 1931 a progeny row was 
grown of each individual in these 6 rows and the resulting test proved 
that the 6 strains were similar in breeding behavior to populations 
of a cross of normal ■ fatuoid which differed by a single factor. As 
natural crossing was excluded by selfing in 1928, it is apparent that 
chromosomal irregularities occurred that year, giving in 1929 the 
intermediate type that segregated in 1930. 

All six mutations observed in 1930 apparently were to the inter¬ 
mediate form, although Marquand {21) and lluskins {17) have report¬ 
ed the observation of mutation direct to the homozygous form. This 
latter is possible when aberration occurs in both the male and the 
female sex cells that form the zygote. 
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However, if fatuoids arise only by mutation and 0.2 percent of 
these aberranccs occur in a population, it would theoretically require 
15,025 individuals for the mutation to occur directly to the homozy¬ 
gous form, whereas mutation to the heterozygous form would occur 
once in each 125 individuals. 

CONSTANCY OF THE FATUOID 

It has been reported that the Fulghum fat uoid does not alw ays breed 
true (7, 28). Plants of fatuoids were selfed to test their behavior 
under controlled pollination. Progenies were grown from the selfed 
fat uoid panicles as follows: 340 in 1028, 105 in 1020, 422 in 1030, 
108 in 1031, and 21 in 1032. The progeny of all these 1,050 bagged 
fatuoids bred true. 

In addition to the solfing studies, progenies from fatuoids of the 
same lines were grown open-pollinated. Adjacent to the fatuoid 
lines were row's of Fulghum and Black Mesdag. The Fj of a natural 
cross of these varieties on tin 1 fatuoid is easily recognized by the 
dominance of their characters, intermediate or Fj plants were 
observed as follows: In 1928, 10 of 1,402; in 1929, 2 of 132; in 1930, 
5 of 102; in 1931,40 of 070; and in 1932, 275 of 587. Of 2,959 indi¬ 
viduals, 344, or an average of J 1.0 percent, apparently were crosses. 
In 1932, more than 40.8 percent of the progeny of open-pollinated 
fatuoids apparently were crosses. Therefore, it may be stated that 
the common or A type fatuoid in Fulghum shows a varying tendency 
to be cross-pollinated unless foreign pollen is excluded. 

The high frequency of cross-pollination in Fulghum fatuoids is 
striking when compared with the low frequency in normal Fulghum. 
Loss than 1 percent of cross-pollination was observed in the normal 
Fulghum in these experiments as compared with an average of 11.0 
percent and a maximum of nearly 47 percent in the fatuoids in a 
single season. Of course, factors of climate and soil may influence 
pollination. 

VIGOR OF THE FATUOID 

Several investigators have stated that there wuis little difference in 
v igor between the normal and the A type Fulghum fatuoid. The data 
in tables 3 and 4 indicate that plants of fatuoid Fulghum are shorter 
than those of normal Fulghum and bear more than twice as many 
infertile florets. The average height of the fatuoids was 38.8 ±0.06 
inches; of the intermediate fatuoids, 40.0±0.06 inches; and of the 
apparently normal plants, 40.7± 0.09 inches. It is not always possible 
to differentiate the intermediate fatuoid from the normal plant. 

Table 3.— lidative height of normal , intermediate , and fatuoid Fulghum plants in 

segregating populations 
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Table 4. —Relative fertility of florets on open-pollinated , primary , secondary , and 
self-pollinated panicles of normal and fatuoid Fulghum oats, 1927-SI 
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In the fatuoid and the apparently normal Fulghum plants, 20.5 
and <S.2 percent, respectively, of the florets of primary panicles were 
sterile. In both types of plants more than twice as many florets 
were sterile in secondary panicles as were sterile in primary panicles. 
Also, more than twice as many florets were sterile in the primary and 
secondary panicles of the fatuoid plants as were sterile in these re¬ 
spective panicle types in the normal Fulghum. This high percentage 
of sterility in fatuoids probably is one reason why Fulghum fatuoids 
cross-fertilize so frequently and often do not breed true when open- 
pollinated. 

Data obtained on Black Mcsdag, grown to compare its fertility 
with that of Fulghum and the fatuoids, indicated that bagging did 
not seriously impair fertilization in this Arena sativa variety. Data 
wore obtained in each of 4 years. Of a total of 1,503 florets on pri¬ 
mary and 047 on secondary panicles, an average of 21.0 and 41.7 per¬ 
cent of the florets were sterile on the primary and secondary panicles, 
respectively. The range in sterility w r as from 2.7 percent in 1931 to 
34.3 percent in 1930 in the primary and from 13.0 in 1929 to 77.0 
percent in 1930 in the secondary panicles. Panicles were bagged in 
1928 and 1930. An average of 19 percent of 007 florets were sterile, 
i. e., 14.3 percent in 1928 and 20.8 percent in 1930. 

The fact that fatuoids appear to be slightly less vigorous than 
normal Fulghum plants probably explains the observed decrease in 
the number of fatuoids in fall-sown Fulghum and Kanota varietal 
plots grow n at Arlington Experiment Farm. At probably no experi¬ 
ment station included in this study are Fulghum and Kanota growm 
from fall seeding under conditions so apt to result in w T inter-killing as 
at Arlington Farm. The decrease in the number of fatuoids to the one- 
fortieth-acre plot is indicated by the data in table 5. No data are 
available on the number of plants per plot, but the trend seems to be 
very pronounced. 
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Table 3 . —Occurrence of fatuoids in Kanota and Fulghum oats grown at Arlington 
Experiment Farm , Rosslyn , Va. t from sad received from Kansas 
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SUMMARY AND CONCLUSIONS 

Interest in fatuoids apparently has existed for 50 years and con¬ 
troversy as to their origin for more than 25 years. Of the two 
explanations offered for their origin, that of mutation is more widely 
accepted than that of natural crossing between Arena fatua and 
cultivated oats. 

Fatuoids were present in Fulghum oats at 28 experiment stations in 
17 States of the United States and were not more numerous in the 
fall-sown than in the spring-sown oat areas. They were nowhere 
sufficiently numerous to be an economic factor as weeds. They 
constituted less than 1 percent of any population of Fulghum oats 
examined. Fatuoids are detrimental chiefly because their presence 
may discredit otherwise promising oat strains or seed samples. 

Approximately 0.2 percent of fatuoids appeared spontaneously in 
lines of normal Fulghum that had been self-pollinated for four 
generations. In all cases the mutation apparently occurred to the 
intermediate type, resulting, in the following generation, in the 
production of fatuoid and normal plants in a ratio of 1 : 8. When 
selfed, the Fulghum fatuoid bred true. 

Theoretically, the mutation occurred to the intermediate form once 
in 125 individuals. Mutation to the homozygous form w'ould be 
expected to occur once in 15,025 individuals. 

Data obtained from 5 years’ study show that when the fatuoid was 
open-pollinated it was cross-fertilized on an average 1 11.0 percent 
and that a maximum of nearly 47 percent of cross-fertilization 
occurred in a single season. Under similar conditions, normal 
Fulghum, recognized as being relatively subject to natural crossing, 
contained less than 0.5 percent of crosses in any season. 

The data indicate that the ordinary or A type fatuoid in Fulghum 
is less vigorous and more readily cross-fertilized tlupi is the normal 
plant. This may partly account foj the susceptibility of the fatuoid 
to cross-pollination and may be considered evidence that the persist¬ 
ence of fatuoids in normal oats is due in part to natural crossing. 

Covering the panicles with glassine paper bags to prevent cross¬ 
pollination reduced fertility in all cases. The percentage of decrease 
was least in Black Mesdag and greatest in the fatuoid. 

Fatuoids of the common or A type are slightly less vigorous than 
are normal Fulghum plants. This may explain the apparent reduc¬ 
tion in number of fatuoids per plot of Fulghum grown on Arlington 
Experiment Farm from fall seeding. 

501129 -% 4 
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THE RELATIONSHIP OF THE PHOSPHATE CONCENTRA¬ 
TION OF SOLUTION CULTURES TO THE TYPE AND SIZE 
OF ROOT SYSTEMS AND THE TIME OF MATURITY OF 
CERTAIN PLANTS 1 

B> Anna L. Summer 

Associalf soil chemist, Department of Agronomy and Soils , Alabama Aqncultuial 

Ex peri m e n t St at to n 

INTRODUCTION 

In an extended study of the nutrition of plants, a number of obser¬ 
vations and studies may be made, definite results can lie obtained, 
and conclusions drawn on some of them long before the work is con¬ 
cluded. In such a study on phosphorus nutrition three phases have 
already given rather definite results and it is deemed well to report 
them before the project is concluded. They are as follows: (1) The 
interrelationship between the size and type of root system, the phos¬ 
phate concentration, and the amount of growth; (2) the size of root 
system as affected by the concentration of phosphate in the nutrient 
medium; and (3) the effect of different phosphate concentrations on 
the time of maturity. 

For the purpose of these investigations plants of various kinds were 
growm in a series of tanks containing solutions with phosphate con¬ 
centrations maintained at various constant levels. Those cultures 
demonstrated that, all other conditions being the same, the minimum 
concentration for satisfactory growth varied with the kind of plant. 
The reason for such a difference may be either that one kind of plant 
may require a greater phosphate concentration in its nutrient media 
because of a difference in the amount necessary for physiological 
activities, or there may be a difference in the rate at which the root 
systems absorb the necessary ion, or both. Observations indicated 
that the type and extent of the root system might be an important 
factor. Experiments, therefore, were carried out to determine whether 
a relatively high concentration of phosphate was not often necessary, 
on account of the small extent of surface exposed, fro supply the ion 
at a rate sufficiently rapid for satisfactory grow th V 

Observations on the root systems of the plants grown in these 
solutions indicated that higher phosphate concentrations did not 
stimulate root development, that is, did not cause a greater per¬ 
centage increase for the roots than for the tops. . Most studies in 
the past on the effect of phosphate on root systems took into con¬ 
sideration only increases in root weight and did not compare these 
increases with those of the tops. If the relative increase of the tops 
is as great as, or greater than that of the roots, a considerable part of 
the increase in the size of the roots of plants grown at higher phosphate 
concentrations may be due to the greater amount of food synthesized. 
Studies w T ere therefore made in which the root-top ratio (weight) 
instead of absolute weights w r as taken as the criterion to determine 
whether or not phosphate actually stimulated root development. 
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Observations that a number of plants in solutions of low phosphate 
concentrations matured earlier than those in solutions of higher 
phosphate concentration led to a study of the effect of phosphate 
concentration on the time of maturity. The results of the study are 
reported herein. 

PROCEDURE 

The following plants wore used in the experiments: Peas, buck¬ 
wheat, corn, tomatoes, wheat, and cotton. 

All plants were grown in solutions in 1,000-liter galvanized-iron 
tanks. These tanks were 4 feet in diameter and were coated on the 
inside with asphalt paint. The original composition of the solutions 
was the same for all constituents excepting monobasic potassium 
phosphate. The initial solution was made up as follows: 

Oram ft per 
1,000 liters 

Salts: °f ta V water 

KN0 3 —_ _ _ _ - - - 400 

CttS0 4 .2H 2 (). - _ _ _ __ ... 250 

MgS0 4 .7II 2 <> - - .. -- - - --->t 150 

M 11 SO 4 . 2 IUO.. . _ .... ___ 3 . 5 

Tl,BCh_ - - _ _ . _ 3. 5 

Phosphate determinations on samples filtered through hardened 
filter paper were made at least once daily, and P0 4 as KH 2 P0 4 was 
added to maintain the desired concentrations, varying in these 
experiments from 0 to 12.8 p. p. m. A continuous current of air 
was used to agitate the solutions so that the P0 4 concentration would 
be uniform throughout the container. Twenty-five grams of liepta- 
hvdrate ferrous sulphate (FeS0 4 .71L()) were added (usually once a 
week) throughout the experiments. It was sometimes necessary 
during the early stages of grow th to add the iron a little more fre¬ 
quently to maintain a good green color of the plants. The current of 
air was discontinued after the addition of the iron for a period of 
about 20 hours to prevent the rapid oxidation of ferrous to ferric iron. 
The iron precipitated the P() 4 almost completely so that during a 
period of 24 hours there was practically no P0 4 in solution. The 
current of air was started a few hours before the P0 4 was again added 
to oxidize the remaining ferrous iron to the ferric form so that the 
difference in the solubility of ferrous and ferric phosphate would not 
be a factor with which to reckon when restoring the P0 4 concentra¬ 
tion. Since much of the iron was precipitated as the oxide and the 
solution tended to become acid, 25 grams of calcium carbonate were 
added when aeration was resumed. * > The addition of the calcium 
carbonate also helped in the ease w r ith which the P0 4 concentration 
was reestablished by aiding in the precipitation of the iron. There 
was always undissolved calcium carbonate at the bottom of the tanks. 

An excess of all nutrients excepting P0 4 was maintained. In most 
cases the plants were moved in rotation to the various tanks. This 
was done w eekly just before the P0 4 concentration was restored. In 
other cases nutrient salts w ere added to the cultures that had grown 
sufficiently large to cause considerable decrease in the concentration 
of these salts. 

The plants were supported by corks (one plant per cork) which 
fitted in holes in the tops of the containers. 
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EXPERIMENTAL RESULTS AND DISCUSSION 

THE INTERRELATION BETWEEN THE SIZE AND TYPE OF ROOT SYSTEM, THE 
PHOSPHATE CONCENTRATION, AND THE AMOUNT OF GROWTH 

Two types of experiments were carried out in the study of the 
relationship of the size and type of root system to the minimum P0 4 
concentration necessary for satisfactory growth. In both types differ¬ 
ent kinds of plants were grown in the same containers in which the 
P0 4 concentrations of the solutions were maintained at various levels. 
I 11 the first type a study was made of the relative size of the surface 
of the roots as compared with the growth of the plants. In the sec¬ 
ond type the P0 4 concentration of the expressed juice of the stems 
between the roots and the cotyledons was determined to ascertain 
whether it, and therefore the rate of supply of phosphorus to the 
plant, was proportional to the surface of the roots exposed to the 
culture solution. 

Eight plants each of wheat, peas, buckwheat, corn, tomatoes, and 
cotton were transferred to each of four containers. The phosphate 
concentration in two of the tanks was maintained at 0.1 p. p. m. and 
in the other two at 0.8 p. p. in. These concentrations were chosen 
because previous experiments had shown that none of these plants 
made maximum growth in solutions in which the phosphate concen¬ 
tration was maintained at 0.1 p. p. m. but showed great differences 
at this concentration, and because all plants made good growth at 
0.8 p. p. m. although some of them did not make maximum growth. 
The seeds of all plants were germinated at the same time, and all 
seedlings excepting the tomatoes were transferred to the culture 
solutions on the same day. The tomato plants were too small at 
that time and were therefore not set out until 8 days later. 

Since there is no accurate way of measuring the surface of rf'ots, 
all comparisons were a matter of judgment and photographs are tin* 
only evidence presented. 

Photographs were taken after the plants had been growing in solu¬ 
tions 23 days. In order to show their structure, the plants were 
placed on a tray under water while they were being photographed. 
The roots appear dark in the photographs because of the ferric oxide 
deposited on them. The ferric oxide precipitate greatly increased the 
visibility of the root hairs; and where they are numerous, they appear 
on the photographs as dark patches with hazy outlines. The roots 
of plants grown in solutions of low P0 4 concentration (0.1 p. p. m.) 
are shown in figure 1. Figures 2, 3, and 4, show r the comparative 
size of plants grown in solutions with P0 4 concentrations of 0.1 and 
0.8 p. p. m. 

The root-top ratio (apparent surface of the roots as compared with 
the size of the tops) arranged in descending order for the plants grown 
in the solutions having a P() 4 concentration of 0.1 p. p. m. is as follows 
Wheat, buckwheat, peas, tomatoes, corn, and cotton. For a con¬ 
centration of 0.8 p. p. m., the order was the same, with the exception 
of the tomato plants which grew the least. Root hairs on the wheat 
and buckwheat were by far the most numerous, those on tomatoes 
came next, thus making the order of size of root surface of these 
plants as compared with that of the peas rather doubtful since the 
peas had very few root hairs. No root hairs were found on the corn 
and cotton. 








fi( ure 3 —Corn (A and Ji) and wheat plants (( and I)) thrown in solutions with PO« conreutrations of 
0 K (A and C ) and 0 1 p p m (« and I)) 
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One group of four tomato plants became shaded by the corn during 
the latter part of the experiment These plants then began to make 
rapid growth and when harvested were much larger than the other 
tomato plants in the same container and those in the other container 
of the same phosphate concentration. 

The difference in growth of different kinds of plants grown in the 
same kind of solution with varying P0 4 concentrations is shown in 
figure 5 and in table 5. The plants shown in figure 5 were transferred 
to the experimental solution in the cotyledon stage at the same time. 
A P() 4 concentration of 0.2 p. p. m was maintained. 

In the second type of experiments, cotton, buckwheat, and tomato 
plants were used in the studies of the relative rate at which the roots 



Hut Rt 4 ( ottou ( l and B) and tomato plants {(_ and I)) grown in solutions with PO* comentrations 

of 0 l (B and I>) and 0 8 p p in ( 1 and C ) 


of different plants supply PC) 4 , because cotton requires a relatively 
high P0 4 concentration for good growth, wdiereas the other two plants 
grow T well at much lower concentrations, and because these plants 
could be divided into comparable parts for analyses. In the first 
expeimient tw o crops of buckwheat were grow n in the same containers 
with cotton plants on which a study was being made to determine 
the minimum P0 4 concentration necessary for maximum growth. 
Earlier experiments indicated that good growth of cotton could not be 
obtained at concentrations below r 0.8 p. p. m. This was therefore 
the lowest concentration used in this experiment. Solutions of two 
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other P0 4 concentrations, 3.2 and 12 8 p p. m , were included After 
the cotton had been growing in the containers for 28 days, the first 
m>p of buckwheat was set out (in the cotyledon stage) and allowed 
to grow for 10 days when it was harvested and a second lot (also in 
the cotyledon stage) was placed in the solutions for the same length of 
time. At each buckwheat harvest some of the cotton plants were also 
harvested. The stems of both kinds of plants between the roots and 



* im ke 5 —Three tomato plants aud cotton plants of the same uge grown in solutions with a !*()< concen¬ 
tration of 0 2 p p m 


cotyledons were frozen for phosphorus determinations of the expressed 
juice, and the young leaves were dried <md analyzed for phosphorus. 

In a second experiment P() 4 concentrations were maintained at 
0.2, 0.4, 0.8, and 3.2 p. p. m. These concentrations included those 
at which very little growth of cotton was made and above which 
greater growth was not obtained. A crop of buckwheat was grown 
^Ith the cotton as in the preceding experiment and when harvested 
tomato plants were substituted The tomato plants were allowed to 
grow for 25 days w T hen they were harvested with the remaining cotton 
plants. At tliis time there were not enough cotton plants left in solu¬ 
tion of 0.2 p. p. m for analyses and the tomato plants growing in 
solutions of higher P() 4 concentrations were so shaded by the rapidly 
growing cotton plants that they were discarded. Analyses were made 
w in the preceding experiment. 




140 


Journal of Agricultural Research 


Vol. 52, no. 2 


III a third experiment cotton and tomato plants were germinated 
and transferred to the containers at the same time. Phosphate con¬ 
centrations of 0.2 and tt.2 p. p. m. were maintained. Some of both 
kinds of plants were harvested for analyses at the end of 21, 2 ( J, and 
40 days. 

There was considerable difference in the amount of growth made 
by the tomato plants at low P() 4 concentrations in the last two experi¬ 
ments. The weather was cloudy most of the time during the grow th 
of the plants in the second experiment, and the tomato plants in the 
solutions with a low P() 4 concentration appeared to make as rapid 
growth as those in solutions of higher P() 4 concentrations. Clear 
weather prevailed during the first few' weeks of growth of the plants 
of the third experiment; the tomato plants at low P() 4 concentrations 
made poor growth and had the deep purple color that develops when 
phosphorus is deficient. Cloudy weather began 12 days after the 
second harvest. The tomato plants in solutions with a phosphate 
concentration of 0.2 p. p. m. immediately began to make rapid grow th, 
water of guttation appeared the morning after each cloudj^day, and 
the new r growth was not purple. 

The results of these experiments are shown in table 1. With one 
exception the amount of phosphorus in the expressed juice of the 
buckwheat stems was considerably greater than that of the cotton 
stems. In this exceptional case the buckwheat for the last days was 
shaded by the rapidly growing cotton. Where the tomato plants 
were making good growth, in solutions of both high and low P() 4 
concentration, the results were similar to those of the buckwheat 
but those tomato plants that were making poor growth at low P() 4 
concentrations had less P() 4 in the expressed juice of the stems than 
did the cotton. Where the amount of phosphorus in the expressed 
juice of the stems was less for the tomato plants than for the cotton, 
the plants had been transferred to the culture solutions and had 
grown in sunny weather. Plants of the same group which were 
harvested after 4(> days and which were harvested after a number of 
cloudy days contained more phosphorus than did the cotton harvested 
at the same time. 

There appears to be some factor which, under conditions of bright 
sunlight and low' P() 4 concentration, decreases phosphate absorption 
for the tomato plant. Where the light intensity was sufficiently low 
the amount of growth of the tomato plant was that which would be 
expected fora plant with such a root system at low P() 4 concentrations. 

Further evidence of the difference in the P() 4 concentration neces¬ 
sary for the good growth of tomato plants under different light con¬ 
ditions was obtained in another experiment. One group of plants 
grown for the first few' weeks in cloudy weather in a solution with a 
P() 4 concentration of 0.1 p. p. m. made better growth than did plants 
grown during sunny weather in solutions with a P() 4 concentration 
of 0.2 p. p. in. Varying w eather conditions appeared to cause different 
rates of growth for the plants growing in solutions with a P() 4 con¬ 
centration of 0.1 p. p. m. After the first few' weeks of cloudy weather 
there w ere about 2 weeks in which sunny w eather predominated. The 
tomato plants appeared to stop growing, and a purple coloration 
began to appear. After a day or two of cloudy weather, water of 
guttation again appeared and grow th was resumed. 
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f vble 1 —Phosphorus in the expressed juice of stems and in young leaves oj cotton, 
buckwheat , and tomato plants grown in cultures of various phosphate coricentta- 
tiotiv 
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next to turnips ('otton requires phosphorus fertilization whereas 
"•its will make mood growth without it The soil is so complex a 
ostein that very little has been learned from soil studies to explain 
these dillorences With solution cultures many of the difficulties arc 
remmed, and the problem may be reduced to one of the P() 4 concen¬ 
tration necessary lor the normal growth of the plant under certain 
( onditions 

Both water culture and field experiments have shown*that wheat 
md buckwheat are able to grow with lower P() 4 concentration than 
mine other plants. Both of these plants produce an enormous num¬ 
ber oi root hairs and, therefore, have a great root surface. Jf judged 
bv dry weight, buckwheat would ha\e a very small root system, but 
its tine looN and numerous root hairs with little weight present a very 
large surface lor absorption In solution cultures tomato plants vary 
-rreatly in the number ol root hairs produced, but in all experiments 
here ha\e produced very large root systems with many line roots. 
Hie minimum P() 4 requirement for tomato plants appears to vary 
markedly with the amount of light; that is, the greater the light 
ntensity the higher the P() 4 concentration necessary. 
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Cotton had the poorest root system of the plants studied. There 
were no root hairs or very fine roots on plants grown in the culture 
solutions. Its growth at low P0 4 concentrations was also much the 
poorest, with the exception of tomatoes grown in bright light. In 
cloudy weather, at 0.2 p. p. m., it made very poor growth, while 
tomato plants in the same containers were making very rapid growth. 

The requirements of greater amounts of phosphate for some plants 
than for others under field conditions can be explained only in part by 
solution-culture experiments. Snow (5) found that corn produced no 
root hairs in solution cultures but that they were numerous under 
normal soil conditions. This may explain the findings of Tidmore 
((>, 7) that certain soils producing good corn without P() 4 fertilization 
had in their displaced solutions P() 4 concentrations of only 0.013 to 0.05 
p. p. m., while solution cultures with a P() 4 concentration of 0.05 
p. p. in. produced very poor plants. The growth of corn obtained in 
solutions with a P() 4 concentration of 0.1 p. p. m. might be expected 
for such a root system. According to weight, corn in solution cultures 
would be considered to have a large* root system, but tlm roots for 
the most part are coarse and therefore the relative surfaceexposed is 
small. Another factor probably important, especially in neutral and 
alkaline soils, is the relative amount of carbon dioxide (C0 2 ) given off by 
different plants. The carbon dioxide under these conditions may 
serve two functions in phosphorus nutrition, that of making more 
soluble the insoluble phosphates, and of producing in the immediate 
vicinity of the root a reaction more favorable for the absorption of 
anions. Newton (4) found that peas absorbed more calcium than 
did barley when grown in soil, lie found that the roots of peas pro¬ 
duced more carbon dioxide than did those of barley and explained 
the greater absorption of calcium by the peas on the assumption that 
the solubility of the calcium w as increased by the carbon dioxide, thus 
making more calcium a\ailable for the peas than for the barley, 
llreazeale and McGeorgc (/) say that carbon dioxide is the most im¬ 
portant single factor in the fertility of alkaline soils. In many cases, 
because of the effect of carbon dioxide, the displaced soil solution may 
not gi\ e a true picture of what is available for the root. It is probably 
impossible, moreover, to get an adequate picture of conditions where 
root hairs are in contact with the colloidal fraction of the soil. 

THE SIZE OF THE HOOT SYSTEM AS AFFECTED BY THE CONCENTRATION OF 
PHOSPHORUS IN THE CULTURE SOLUTIONS 

In this study of the effect of P0 4 concentration on the size of the 
root system, particular attention was paid to the weight of the roots 
as compared with that of the tops, since it seems valid to say that 
phosphate fertilization stimulates root development only in ease the 
relative increase in the weight of the roots is greater than that of the 
tops. 

Plants w ere grown under tw o sets of conditions. In one experi¬ 
ment tomato, pea, cotton, wheat, and corn plants were grown in 
solutions of which the P0 4 concentration was maintained at various 
low’ levels. In the other, tomato, wheat, corn, and cotton plants 
were first grown for several weeks with an adequate supply of P0 4 ; 
some of the plants of each kind were transferred to phosphate-free 
solutions, while the rest were allow ed to continue their development 
in solutions with a P() 4 concentration sufficiently high for good grow th. 
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Table 2 *— Root-top ratio , by weiqht, of plants of four kinds when grown in culture 
solutions of various phosphak con ant rations 
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04 
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07 


Plants all the same ape hut those at 
0 2 p p m had stopped prowing 
and produced rifie seed thosi at 
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xegtt itlu growth 

^ oung i lants 
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1 



2 11 1 
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5 



6 

1 2 , 

4 1 

54 0 | 

24 41 

120 0 

62 9 

510 0 
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1 

2 1 4 

2 1 7 



22 1 

2 5 1 


Wheat 1 



4 «l 

92 8 



b 7 

09 4! 

5 9 

89 0 


Corn 1 

1 4 

1 8 

2 7 | 

4 9 




1 

__ 1 

1 6 

18 8 
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1 Nos 1, 2, etc correspond to those numbers of table 2 and refer to the same plants 
1 Green weights, all of the others dry weights 
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Where plants were grown in solutions of various P() 4 concentrations 
the root-top ratio decreased with increasing P() 4 concentrations in 
all cases excepting one wheat and one cotton series, which will he dis¬ 
cussed later (table 2). Not only w as the root-top ratio usually greater 
at lower P() 4 concentrations, but the average weight of the roots in 
some cases (tomatoes (3), cotton (1), and wheat (1), table 3) was 
greater for some in the lower than in the higher concentrations. 
The much greater grow th of the tops of cotton plants as compared w r ith 
the roots for increasing PO, concentrations is shown in figures 0 and 7. 

These results are just the opposite of those reported bv Turner (#) 
on wheat, hurley, and cotton. His solutions, however, were not 
comparable to those used in this experiment since his low' phosphate 
concentration w r as not only higher than the highest used in the experi¬ 
ment described above but higher than is commonly found in soil solu- 



H(.i i<» f> Cotton plants prowii in solution with PO, <otut'nt rat ions of i 2 ( 1 and OS p p m (if) 


turns The total concentration of salts in his low' P() 4 solution, 
moreover, was onlv a little over half that of his high P() 4 solution. 

The root-top ratio of wheat plants grown at the low'cst P() 4 con¬ 
centration and that of cotton at the highest concentration in one 
series apnea red to bo exceptions to the rule that the root-top latios 
decreased with increasing P0 4 concentration. The wheat plants at 
this low concentration had finished growing and produced ripe seeds, 
while those at the two higher concentrations were still producing 
main new' tillers and making rapid vegetative growth. The excep¬ 
tional cotton plants were making vegetative growth when harvested, 
while those at the three lower concentrations had apparently stopped 
growing. A comparison of plants at different stages of growth is 
probably misleading since, as is shown by the work of Brenchley and 
Jackson (J), there is, in general, a decrease in theYoot-top ratio with 
the age of the plant. 
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Plants transferred from solutions of adequate P0 4 concentrations 
to phosphate-free solutions showed marked increases in root-top 
ratios. With one exception the amount of phosphate in the solution 
before the plants were transferred was 1.0 p. p. m. or less, so that the 
relatively large amount of growth of the roots as compared with that 
of the tops after transference to phosphate-free solutions could hardly 
he due to phosphorus stored in the roots. In two cases (wheat (1) 
and corn (1), table 4) the average weight of the roots of plants trans¬ 
ferred to solutions without phosphate was greater than that of the 
plants allowed to remain in solutions 
containing phosphate. The results of 
this group of experiments are shown 
in table 4. 

THE EFFECT OF DIFFERENT PHOSPHATE CON¬ 
CENTRATIONS ON THE TIME OF MATURITY 

Peas, cotton, and wheat wore grown 
in solutions with phosphate concen¬ 
trations maintained at various levels 
and observations made as to the time 
of their maturity. The results of this 
work (table 5) show that with the 
exception of cotton at the lowest 
concentration, at which there was very 
little growtli and no seed matured, the 
plants at the lower concentrations 
matured the earliest. 

It is commonly accepted that large 
applications of phosphorus hasten ma¬ 
turity of crops in countries where the 
growing period is short. Experiments 
w ith solution cultures, both as reported 
in this paper and observations made 
at other times, have shown that the 
growing period of plants is shortened 
where the amount of P0 4 is low. In 
the culture solutions all other neces¬ 



sary elements were maintained in ade¬ 
quate amounts so that phosphorus 
was the only limiting factor. Since 
under conditions of low fertility in 


Fioure 7 — Cotton j>! it *ro\ui in solution 
Hitti a POt concentration of 0 2 p ji m 


the field unfertilized plants mature 

earlier than those with adequate fertilization, it seems probable 
that the depletion of one or more of several of the necessary ele¬ 
ments may be responsible for this early maturity. Where maturity 
is hastened by large applications of phosphorus the effect is therefore 
probably an indirect one. That is, there is greater growth because 
of the large applications of P0 4 and, owing to its more rapid growth, 
the plant absorbs more rapidly other ions and thus some other clement, 
perhaps nitrogen, becomes a limiting factor causing early maturity. 


50929—30-5 
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Tabi k 4 —Average weight of tops and roots and root-top ratio of plants of £ differ- 
nit kinds uhen groan in culture solutions of various phosphate concentrations and 
later transferred to solutions containing and not containing phosphate 
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I imo 

PO< 

C ont lining no PO* 


Containing POi 


Kind of plant and 
txjienment no 

PO« 

before 

trails 

cone en 









trillion 
of Clll 








P0 4 


fcrtucc 

lure 

>\ eight 

\\ eight 

Hoot- 

1 ime 

\\ eight 

\\ eight 

Hoot 

concern 




of roots 

of tops 

top 

ratio 

of roots 

of tops 

top 

ratio 

t ration 
of cul 











ture 

'I omuto 

Week* 

Ppm 

Gram* 

Grams 


Huts 

Grams 

Gram* 


P p m 

l 

7 

0 4 

0 (> 

1 5 

0 40 

1 

1 1 

) 5 

0 20 

0 4 

2 

7 

4 

1 5 

2 7 

w 

6 

10 7 

47 0 

J) 

4 

1 

7 

4 

2 1 

4 > 

47 

f» 

21 0 

77 1 

K) 

4 

4 1 

7 

4 

» 12 0 

1 It) 0 

i 7) 

1 

1 21 7 

3 71 5 

i K) 

4 

5 . 1 

7 

* 

1 19 5 

1 21 r ) 

3 91 

0 

3 201 2 

3 047 0 

i 11 

4 

6 

4 

i l n 

i 0 7 

Ml 0 

l >H 

2 

3 21 8 

3 40 1 

5 >4 

1 0 

< 

1 

* 1 0 

3 11 4 

, M4 S 

3 77 

4 

* 48 1 

3 140 1 

i 11 

3 1 0 

In at 

1 

<1 

4 

I 8 

1 

1 1 

58 

3 

1 1 

7 f) 

* 

4 

2 

9 

4 

2 0 

) 0 

52 

6 

5 0 

22 1 | 

4 

i 

9 

4 

3 22 4 

l 10 0 

1 1 40 

4 
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1 Green weight all others dry weight 
* P (>41 on cent ration brought up to 1 0 p p in once a week 

i Data from an experiment to determine whether cot tor, if given large amounts of phosphate during 
earlier stages of growth could make normal growth ufterwird if de]trued of phosphate m the culture 
media 


Tabl* ■> The effect of various phosphate concentrations in the cultun solution on 
the time of maturity of plants of four different kinds 

(The seeds of all plants of each group were germinated and the pi tuts trinsferred to tin cxpei irm ntal 
solutions and harxested at the same nine] 
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Description of plant at time of 
harvest 


Dead 1 week seed mature 
Drx ing at bottom some of seed 
still immature 
do . _ 

Beginning to dr> seed mature 


Making rapid growth many 
new tillers heads at ill states 
of grow th 
do 

Isot growing 

Making good growth and 
blooming 
do 

home green leaves hut making 
no grow th 

All leav es otl, 96 i»eri ent of bolls 
ojien 

Most of leaves off, 90 i>ercent of 
bolls ojien 

Some plants still making good 
growth, 49 jiercent of bolls 
open 


Comments 


A little less dry than plants at 0 K p p m 
ell filled mature seeds probably account 
for the high dry weight as compared with 
the larger plants at higher P() 4 concentra¬ 
tions 


Plants injured b> aphids when first heads 
apjieared 

( Plants of this group were set out Aug 10 and 
harvested Jan 2 all had many well- 
dev eloped bolls, none of w hich opened, prob 
ably due to continued cloudy weather dur¬ 
ing November and December 
Four small bolls to 41 plants, bolls did not 
open 

l v erage number of bolls per plant, 6 
Average number of bolls per plant, 41 
Av erage number of bolls per plant, 74 
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SUMMARY AND CONCLUSIONS 

Solution-culture experiments were carried out in a study of the 
relationship of the P0 4 concentration of the medium to the type and 
size of the root system and the time of maturity of certain plants. 

Two types of experiments were carried out in an effort to determine 
whether or not the size and type of root system played a part in lim¬ 
iting the minimum P0 4 concentration at which certain kinds of plants 
could make satisfactory growth. In one type of experiment different 
kinds of plants were grown in solutions with P() 4 concentrations main¬ 
tained at 0.1 and 0.8 p. p. m., and a study was made of the relationship 
of the size and type of root system to the amount of growth. In 
another type of experiment, cotton, a plant with a root system present¬ 
ing comparatively small surface for absorption and requiring a rela¬ 
tively high P0 4 concentration, was grown in containers with buck¬ 
wheat and tomatoes, plants having more extensive root systems 
and making better growth at low P0 4 concentrations. Phosphate 
concentrations in the solutions were maintained at various levels, 
and the amount of phosphorus in the part of the stem [>ctween the 
roots and cotyledons and in the leaves was determined. Plants with 
the larger root systems made better grow th at low P0 4 concentrations 
and more phosphorus was found in their stems than in the stems of 
plants with root systems of comparatively small surface. 

Two groups of experiments were carried out in a study of the 
so-called stimulating effect of phosphorus on root development. In 
one group, plants were grow n in solutions in which the P() 4 concentra¬ 
tions were maintained at various low levels; in the other group plants 
were first grown w r ith an adequate supply of phosphorus and then 
transferred to phosphate-free solutions. Comparisons showed that 
increasing PU 4 concentrations resulted in decreases of the root-top 
ratios. 

The effect of P0 4 concentrations on the time of maturity was studied 
by growing different kinds of plants in solutions in which the P0 4 
concentrations were maintained at various le\els. Plants in lower 
P() 4 concentrations matured the earliest. 

Size and type of root system probably play an important pari in 
determining the minimum P0 4 concentration at which tin* different 
kinds of plants make satisfactory growth. 

High concentrations of P() 4 in solution cultures do not stimulate 
root development. 

Plants growing in culture solutions of low P() 4 < mcentrations 
mature earlier than those grown in solutions of high P0 4 t*oncentration. 
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THE EFFECTS OF LOW-PHOSPHORUS RATIONS ON 
GROWING PIGS 1 

By C. E. Aubel, swine investigator, Department of Animal Husbandry, J S. 
Hughes, animal nutritionist, Department of Chemisty, and H. F. Lienhardt, 
pathologist, Department of Veterinary Medicine, Kansas Agricultural Experi¬ 
ment Station 1 

INTRODUCTION 

The discovery that aphosphorosis in domestic animals occurs quite 
frequently under ordinary feeding conditions in many localities 
throughout the world, has served to direct the attention of nutrition 
workers to the role of phosphorus in animal nutrition. As a result, 
many studies have been made; in most of them cattle or sheep were 
used as experimental animals. Among such studies arc those of 
Theiler (.9, 10 ); 3 Malan, Green, and du Toit (7); and Eckles and his 
associates (4, 5 ). Considerable experimental work (4, 8 ) has dealt 
with the effect of phosphorus-deficient rations on animals and with 
the correction of these deficiencies. The literature reports rather 
fully the effects of low-phosphorus rations on other species of ani¬ 
mals, but not on swine. 

However, Bethke and his associates (I) have described the effects 
of the calcium-phosphorus relationship of the ration on the growth 
and bone formation in the pig, and Dunlop (.9) has described the 
importance of calcium and phosphorus in the ration, as well as the 
relationship between these two elements with and without vitamin D. 

Otherwise the influence of low-phosphorus i ations on body growth 
and on the mineral composition of the blood and bones has been little 
discussed; and no specific information, so far as the authors are aware, 
has been recorded regarding other effects on growing pigs, of phos¬ 
phorus-deficient rations in which the calcium and other essential 
nutrients were supplied in adequate amounts. The effects of low- 
phosphorus rations on growing pigs, observed during the progress of 
experiments designed primarily to show the phosphorus requirements 
for growing swine, are here presented. The results of two feeding 
tests are recorded in which young pigs were fed rations differing only 
in phosphorus content. 


EXPERIMENTAL PROCEDURE 


The basal ration employed in these experiments consisted of 74 
percent of pearl hominy, 10 percent of tapioca roots, 10 percent of 
blood meal, 4 percent of alfalfa-leaf meal, 1.5 percent of dried brewers’ 
yeast, 0.5 percent of iodized salt, and 5 cc of cod-liver oil per pig per 
day. Enough calcium carbonate was added to these ingredients to 
bring the calcium content up to 0.77 percent in the first experiment 
and up to 0.70 percent in the second. 


1 Received lor publication July 8, 193*; issued March 1938. This paper represents a portion of a thesis 

presented by C. E. Aubel in partial fulfillment of the requirements for the d_„. .. 

the University of Minnesota in 1935. Contribution no. 114 of the department of anlm, 
no. 190 of the department of chemistry, and no. 62 of the department of veterinary medicine. 

* The authors wish to give credit to Prof. J. F. Merrill for making the chemical analyses of the feed! and 
to R. R. Roepke for the analyses of the blood. Credit is also due Prof. D. L. Mackintosh for assistance in 
slaughtering. 

3 Reference is made by number (Italic) to Literature Cited, p. 159. 
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Three lots of six pigs each wore used in each of the two experiments, 
which were carried on for 24 weeks each. The experiments were 
started shortly after the pigs w r ere weaned at about 9 weeks of age, when 
they weighed from 40 to 50 pounds each. All the lots were housed 
in a well-lighted and well-ventilated building provided with individual 
pens paA ed with concrete and measuring 8 by 8 feet. Each pen had a 
10- by 8-foot outside exercise area open to the south, paved wdth 
concrete and fenced with wdre. This outside area allowed the pigs 
access to the direct rays of the sun and exposed them, to a considerable 
extent, to ultra-violet rays. 

All the animals were fed individually tw 7 ice a day. The amount 
fed daily w as changed from time to time, but each received the amount 
of feed that the one consuming the least feed would eat morning and 
e\ening. This arrangement insured all the pigs ingesting the same 
amount of feed. 

The pigs were weighed and measured every 28 days throughout the 
experiments. An analysis of the calcium and inorganic phosphorus 
in the blood was made at the beginning of each experiment and at 
the end of each 28 days. A single sample of blood w as drawn ffom the 
tail for these determinations. The Youngburg and Youngburg (11) 
method was used for the determination of inorganic phosphorus, and 
the calcium was determined by the Clark and Collip (2) method. 
The progresshe effects of the low-phosphorus rations on the develop¬ 
ment of the bones, carcasses, and internal organs were noted at the 
end of each 50 days, when two animals from each lot w r ere slaughtered. 

Jn order to feed the different lots of pigs at different levels of phos¬ 
phorus, monocalcium phosphate was incorporated in the basal ration 
to bring the phosphorus content up to the desired level. In the first 
experiment the phosphorus content of the ration fed lot 1 was 0.15 
percent, that of the.ration fed lot 2, 0.29 percent, and that of the ration 
fed lot .‘1, 0.59 per cent. The experimental pigs were fed phosphorus 
at these le\els for 7 weeks, at the end of which time a second mixture 
was made, which, because of variations in the phosphorus content of 
the ingredients, contained slightly higher amounts of phosphorus. 
The amounts were 0.18 percent in that fed to lot 1, 0.33 percent in 
that fed to lot 2, and 0.59 percent in that fed to lot 3. Rations 
eontaining phosphorus at these levels were fed during the remaining 
17 weeks of the experiment. 

In the second experiment the phosphorus content of the ration 
of lot 4 was 0.15 percent; that of the ration of lot 5, 0.23 percent; 
and that of the ration of lot 6, 0.30 percent. Enough feed containing 
these amounts of phosphorus to supply the pigs during the entire 
24 weeks of feeding was mixed before the experiment began. 

EXPERIMENTAL DATA 

In the course of these experiments five very decided effects of 
feeding the pigs the low-phosphorus rations w^ere observed. These 
were: (1) The effect on the appetite; (2) the effect on the utilization 
of feed and storage of energj 7 ; (3) the effect on growth of the body and 
the development of bone and muscle; (4) the effect on the inorganic 
phosphorus in the blood; (5) the effect on the consumption of water 
and the excretion of urine. 
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EFFECT ON THE APPETITE 

Loss of appetite in the low-phosphorus pigs in lots 1 and 4 began to 
appear as early as the fifth week after the pigs were placed on feed. 
This made it necessary to feed very carefully in order to have them 
consume the same amounts of feed as the other pigs. By the end of 
the fifth month it was no longer possible to get these pigs to eat the 
ration in a dry form. It was possible, however, because of an in¬ 
creased thirst which they developed, to induce them to eat their feed 
by mixing it with the drinking water. Toward the end of the experi¬ 
ments it was necessary to withhold all drinking water except that 
mixed with the feed. By mixing small portions of the feed in the 
water five or six times each day, by the end of the experiments it was 
possible to induce the pigs to consume nearly 0 pounds of feed daily. 
So greatly did they crave water that they soon learned to wait for 
the feed to settle, and it was necessary for an attendant to keep stirring 
the mixture in order to have the feed consumed. 

No difficulty over loss of appetite was experienced with the pigs 
in lots 2, 3, 5, and 6, which were on higher levels of phosphorus. 


Table \.-~Averag( feed consumed daily ptr pig , daily gains in weight . and feed 
rtqmred per 100 pounds gain in weight by 'J8-day periods in experiments 1 and £ 

EXPERIMENT 1 
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EXPERIMENT 2 
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Lot 4 
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1 Pound* 
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41.) 3 . 

325 3 

29ft 7 

407 4 

330 0 

311 3 

4(H> 9 

333 3 

294 1 

505 7 

32H 3 

312 0 

404 2 , 
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351 K 

571 4 1 2 

4f58 7 

472 4 

439 1 
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1 Of the original 0 pigs, 2 were slaughtered at the end of the second period, 2 at the end of the fourth, and 

2 at the end of the sixth 


EFFECT ON THE UTILIZATION OF FEED AND THE STORAGE OF ENERGY 

That the pigs on the low-phosphorus diet (lid not utilize their feed 
as well as those on the higher levels of phosphorus is shown in table 1. 
The data show that lots 1 and 4, the low-phosphorus groups, had 
during each period of the experiment the largest feed consumption 
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per 100 pounds gain. In lot 1, experiment 1, the consumption per 
100 pounds gain fluctuated from period to period but was exception¬ 
ally high in period 5. As a rule, the fluctuation varied as the average 
daily gains, but the very high requirement of feed in period 5 was 
accompanied bv a low average daily gain. No explanation can be 
offered for this unless the sudden change from a dry-feeding method 
to a thin-slop method might have caused some irregularity in body 
weight. In lot 4, experiment 2, in which the change was made 
gradually from dry to slop feeding when the pigs began to lose their 
appetites, no such fluctuation was observed. 

While no direct measurements of the storage of energy were made 
in these experiments, on the basis of gains in weight it is evident that 
the pigs receiving the low-phosphorus ration stored less energy than 
those receiving higher amounts. The difference, however, is not so 
great as the difference in the body weights would indicate, because 
the low-phosphorus-fed pigs carried a higher percentage of fat and 
showed better finished carcasses. 

The thickness of the back fat opposite the seventh, eleventh, and 
thirteenth dorsal vertebrae was measured in experiment 2^ The 
results, shown in table 2, indicate, according to the fat index suggested 
by Hankins and Ellis (6*), that there was an average of approximately 
96 pounds of fat on the carcasses of the low-phosphorus pigs, as 
compared with 108 pounds on those of the high-phosphorus pigs in 
lots 5 and 6. 


Table 2 —Avcragi thickness of the back fat at the seventh, eleventh, and thirteenth 
ribs of two pigs in lots 5, and 6 at the end of the fourth and sixth periods of 
(jrpenment i 


' 

Period (28 dnW no 

1 Thickness at soventh 
vertebra 

Thickness at eleventh 
vertebra 

Thickness at thirteenth 
vertebra 


Lot 4 

Lot 5 

Lot 6 

Lot 4 

Lot 5 

Lot 6 

Lot 4 

Lot r > 

Lot 6 


Mm 

Mm 

Mm 

Mm 

Mm 

Mm 

Mm 

Mm 

Mm 

4_ _ 

14 

27 

30 

10 

20 

27 





51 

13 

45 

4G 

40 

41 

42 

39 

35 


In the case of dairy animals on a low-phosphorus ration, it is 
impossible to keep the animal fat, for not only is the feed poorly 
utilized but it is impossible to induce the animal to eat sufficient 
amounts of the ration to store energy during the later stages of 
aphosphorosis. It was possible with tlie pigs in this study to take 
adMintage of their increased thirst to force them to eat their feed 
in the form of a slop, and thus provide excess energy to be deposited 
in the form of fat, even though they were not utilizing their feed as 
fully as the normal pigs. 

EFFECT ON THE GROWTH OF THE BODY AND THE DEVELOPMENT OF BONE AND 

MUSCLE 

One of the more marked effects of the lack of phosphorus in the 
ration was a failure of the body to grow normally, and especially to 
develop bones and muscle to a normal extent. 

It can be seen from the low er graphs in figure l.that the hogs in 
experiment 1 receiving the low-phosphorus ration (lot 1), although 
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they received the same amount of feed and had the same initial 
weight, were about 17 percent lighter at the end of the experiment 
than those in lots 2 and 3. In experiment 2 there was a difference 
of about 25 percent in the weight of the pigs receiving a low-phos¬ 
phorus ration (lot 4) and that of those on the higher phosphorus 
levels (lots 5 and 6). 

Not only did the pigs on the low-phosphorus level weigh less (fig. 
1, C, D), but their lengths (fig. 1, A and B, and fig. 2) and heights 
(figs. 1, A, B) were also less. 



Figube 1 . —Increases in the dimensions and weights of pigs on low medium , and hi* phosphorus intakes 
as compared with the dimensions and weights of normal pigs Curves for normal animals were drawn 
from unpublished data supplied by the Division of Animal Husbandry of the Uhiversity of Minnesota 
and represent the average of the records of 134 pigs ofrrecord-of-performance litters. The pigs in these 
litters were of all breeds and were self-fed on excellent rations. A and B show at a, height at shoulder, 
and at b, length from base of ear to root of tail, C and D show bod> weights. Lots 1 and 4 were on low - 
phosphorus, lots 2 and 5 on medium-phosphorus, and lots 3 and 6 on high-phosphorus rations, as explained 
in the text 

The lighter body weight was also correlated with poorly developed 
bone, as is shown in table 3. This table shows for pigs on the dif¬ 
ferent levels of phosphorus, the variations in the bones, the specific 
gravity, breaking pressure, dimensions of the bone, and the ash 
content. 
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The ribs and vertebrae of the pigs fed low levels of phosphorus 
showed poor calcification similar to that usually observed in animals 
suffering from low-phosphorus rickets. The poor development of 
bone is also indicated by the fact that as early as 7 weeks after the 
beginning of the experiments the legs of the low-phosphorus pigs were 
somewhat deformed. This condition became more marked as the 
experiments progressed, so that by the end of the experiments the 
pigs had difficulty in moving about in their pen. 

It is rather to be expected that the growth of bone, which contains 
a liigh percentage of calcium and phosphorus, w r ould be materially 
influenced if the phosphorus were not provided in the feed. It is 
not generally thought, however, that this mineral plays such an 
important part in the development of the muscle, because the per¬ 
centage of ash in muscle is comparatively low. When it is considered 
that phosphoric acid is an integral part of the nuclei of the cells, 
which have much to do with the cell development, and that the 
phospholipins play an essential part in the function of the muscle 
fiber, it does not seem impossible that a deficiency in phosphorus 
w r ould be reflected in decreased muscle development. 

EFFECT ON THE INORGANIC PHOSPHORUS OF THE BLOOD 

The results of the effect of low-phosphorus rations on the inorganic 
phosphorus of the blood (table 4) are in accord with the results 
reported by other investigators for swine. 


Table 4 .—Average calcium and inorganic-phosphorus content of the blood of pigs 
by M-day periods in experiments 1 and 2 

EXPERIMENT 1 


Period no. 

Pigs 

Calcium (i>er 1(M) cc of serum) 

l 

Inorganic phosphorus (per 

100 cc of whole blood) 


Lot 1 

Lot 2 

Lot 3 

Lot 1 

Lot 2 

Lot 3 


Number 

MiUi- 

Milli- 

Milli- 

Milli- 

Milli- 

Milli- 

Initial i... 

grams 

grams 

grams 

grams 

grams 

grams 

6 

11.9 

11.9 

11.7 

4.3 

6.5 

6.6 

1... 

6 

12.8 

12.3 

11.1 

3.9 

4.9 

6.1 

2... 

6 

13.3 

12.4 

11.8 

3.4 

4.8 

6.4 

3.... 

4 

13.7 

12 9 

12.3 

3.7 

4.8 

6.9 

4. 

4 

14.9 

12.8 

12.1 

2.9 

4.8 

6.1 

5. 

2 

13.3 

12.1 

12.4 

3.2 

5.1 

6.0 

6. 

2 

12.9 

12.1 

11.6 

3.3 | 

5.8 

6.8 


EXPERIMENT 2 


Period no. 

Pigs 

Lot 4 

Lot 5 

Lot 6 

Lot 4 

Lot 5 

Lot 6 



MiUi- 

MiUi • 

Milli- 

MiUi- 

Milli- 

Milli • 


Number 

grams 

grams 

gravis 

grams 

grams 

grams 

Initial. 

6 

9.7 

10.0 

10.0 

5.5 

5.7 

6.7 

1. -. 

G 

12.4 

11.2 

11.2 

4.1 

5.0 

5.7 

o 

6 

12.6 

12.0 

12.1 

3.4 

4.7 

5.5 

3... 

4 

11.0 

10.6 

10.3 

2.9 

4.7 

5.5 

4.| 

4 

11.9 

12.1 

11.0 

2.7 

4.8 

6.3 

5.1 

2 

11.5 

12.0 

11.1 

3.5 

5.1 

5.5 

6 . 

2 

13.2 

13.7 

11.5 

2.6 

1 

5.4 

1 

6.2 


1 The blood samples for this analysis were taken about 2 hours after the second feed of the experimental 
ration had been given the pigs. 
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An inspection of these data clearly shows that the pigs in lots 1 
and 4 quickly developed a state of phosphorus deficiency, which 
became more marked as the experiment progressed. Lots 1 and 4 
had the least amount of inorganic phosphorus in the blood. Lots 
3 and 6 had the highest percentage, while the amount in lots 2 anti 
5 were between that of the other two lots. Since each lot received 
a different level of phosphorus in its ration and since each lot had a 
distinctly separate level of inorganic phosphorus in the blood, it is 
clearly evident that the amount of phosphorus in the feed readily 
reflects itself in the blood. 

This fact is shown further by the initial analysis of the blood of the 
pigs in experiment 1 (table 4). Through an oversight at the time 
of starting the experiment, blood was not drawn for analysis until 
after the second feed of the experimental ration had been consumed. 
In this short time the amount of phosphorus in the two feeds affected 
the inorganic phosphorus of the blood of tho pigs in the three lots, 
so that three distinct levels resulted, corresponding to three definite 
levels in the rations. 


EFFECT ON THE CONSUMPTION OF WATER AND THE EXCRETION OF URINE 

The literature, so far as the authors have observed, docs not mention 
an increased thirst as one of the symptoms of aphosphorosis. How¬ 
ever, the data for a digestion trial with dairy cows reported by Riddell, 
Hughes, and Fitch (S), in which the consumption of water was accu¬ 
rately measured, showed that the average amount of water consumed 
by the two low-phosphorus cow r s was about 4 percent more than 
consumed by the cows receiving the same ration supplemented with 
phosphorus. The low-phosphorus cows also excreted 27.2 percent 
more urine. However, no attention was called to those variations,jn 
the discussion of this digestion trial. 

In experiment 1 it was noticed as early as tho second week that the 
pigs of lot 1 were consuming considerably more water than the pigs 
in tho other lots receiving a higher level of phosphorus. Accordingly, 
a check of tho consumption of water of the pigs was made for 2 days 
of each month. The results are shown in table 5. 


Table 5.— Water consumed daily by and weight of kidneys of pigs in experiment 1 


Period (28 days) no. 


i .... 
2 .... 

3 . 

4 . 


Pigs 


Number 

6 

6 

4 

4 


Wuter consumed daily 1 


Loti 


Kilograms] 
4.77 
9.09 
8.95 
11,18 
(3) 

( 3 ) 


Lot 2 


Kilograms] 
3.68 

7 18 

8 22 
10.13 
12 31 
15.86 


Lot 3 


Kilograms] 
3.31 
5 59 
6.63 
8.27 
11 45 
14 13 


eight of kidne\ s 2 


Lotr Lot 2 


i 


Grams 
" ‘220 

.302 

395 


Grams 
' i?7 

264 
280 


Lot 3 

Grams 

*185 

.230 

07c 


1 Average per pig calculated from the water consumption for ? days of each month 
* Average for 2 pigs in each lot. 

1 No data were secured for lot 1 for periods 5 and 6 
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While it was apparent that more urine was being excreted, no 
measure was made of it in this experiment. 

Because the pigs exliibited excessive thirst and urination, special 
attention was given to the weight and appearance of the kidneys at 
the time of slaughter. Table 5 shows that the kidneys of the pigs on 
the low-phosphorus ration were larger than those from the pigs re¬ 
ceiving the higher levels of phosphorus. It is also apparent that the 
differences in the weights of the kidneys became more marked as the 
experiment progressed. 

During the second experiment it was possible, by placing the pigs 
in a metabolism crate, to measure not only the water consumption 
but the excretion of urine for a 3-dav period. 

The water consumption was 11,514, 6,190, and 5,903 g, and the 
urinary excretion was 8,541, 2,300, and 2,355 g for lots 4, 5, and 6, 
respectively. The average weights of the kidneys for lot 4 w as 411 g, 
for lot 5, 366 g, and for lot 6, 335 g. 

Thus the increased thirst and the increased urinary excretion of 
the pigs on the low-phosphorus level were evident again^ The 
kidneys also were larger in the low-pliosphorus-fed pigs at the close 
of this experiment. 

Histological examination of the enlarged kidneys from the lots of 
pigs maintained on the lov\ level of phosphorus disclosed that they 
were distinctly enlarged and light in color, presenting the appearance 
of a “large white kidney.” Microscopically this organ showed evi¬ 
dence of a chronic diffuse nephritis of the parenchymatous type, and 
presented widened glomerular spaces around the glomerular tufts 
and also widely distended uriniferous tubules with flattened epi¬ 
thelial cells. A granular debris w as present in some of the tubules. 

It is significant that the impaired kidney corresponded with the 
excessive urination and accompanying tliirst observed in these experi¬ 
ments. 

SUMMARY 

The results are reported of an investigation of the effects of the 
feeding of different levels of phosphorus in the rations of 36 young 

Two experiments, each involving three lots of six pigs each, were 
carried on for 24 weeks. 

Data are presented to show' the effect of deficient amounts of 
phosphorus in the ration on the grow th and development of pigs. 

The results obtained indicate that the abnormalities resulting from 
feeding low-phosphorus rations were: (1) A loss of appetite, (2) a 
poor utilization of feed and storage of energy, (3) a failure to make 
normal growth and to develop bone and muscle normally, (4) a 
lowering of inorganic phosphorus in the blood, and (5) a marked in¬ 
crease in thirst and a corresponding excretion of urine. 
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LIFE HISTORY OF AGAMERMIS DECAUDATA, A NEM¬ 
ATODE PARASITE OF GRASSHOPPERSAMP-OTHER 
INSECTS 1 


R\ .1 R CHRIST j_ 

Ks onnt( ncmaiolognsl , Division of Hematology, Kjfj fifoS Plant Industry, thntcfh 
Statfs T)( parlment of 

INTRQDUCTIol^gfi?^ ' 

Of the various nematodes Unit parasitize insects, tliose belonging to 
the family Mermithidae probably occur in the greatest \nriety of tliese 
hosts. As tlie ])resence of a mermithid parasite usually has a marked 


influence on the development of an insect, frequently retarding or 
modifying growth, usually inducing sterility, and finally resulting in 
death, these nematodes are of considerable interest from an economic 


standpoint. Reports from various parts of the world indicate that 
mermithids are an important factor in holding certain pestiferous 
insects in check, at least in some localities. As mermithids are usually 
long, slender animals they are sometimes referred to as “hairworms.” 
Unfoitunately this term has also been used for members of the (lordi- 
ldae, a group of animals whose resemblance to mermithids is largely 
superficial and with which they should not be confused. 

In spite of the fact that mermithids have long been known to 
zoologists and numerous references to them are found in zoological 
literatim 1 , information regarding them is rather meager. In soihe 
instances w r riters have merely reported their occurrence and given a 
biief morphological description which is frequently so inadequate as 
to leave the reader in doubt whether the organism in question was a 
mermithid or a gordiid. However, numerous contributions, including 
the papers by Rauther (18)*, Hagmeier (.9), and Steiner [W, 17 y 18, 
10), have contributed considerable information pertaining to the 
morphology and taxonomy of the group. In regard to life histories 
our knowledge is much less satisfactory. Although studies on this 
phase of the subject were made as early as 1853 by Von Siebold (IS) 
and Meissner (12) and later by Corti (6), it was not m tii 1905 that 
Kolin (11), working with Paramermis contorta (Linstow, 1889) Kohn, 
1905, a parasite of Chironomus larVhc, presented the first compre¬ 
hensive life-history study. Further observations on this species were 
made by Comas (4). . 

Judging from available information, it appears that the typical 
mermithid life cycle consists of a parasitic larval development in the 


1 Received for publication Sept 9, 1935, issued March 19 Hi Thesis presented to theyradiwle w>unnl 
of the George \\ ashmgton University m partial fulfillment of the requirements for the degree of doctor o 
philosophy 
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body cavity of the host, followed bj a free-living adult stage usually 
passed in the soil or in mud and sand underlying streams and lakes. 
Tetradonema plicans Cobb, 1919, which infests the larvae of Sciara 
coprophila Lintner, is evidently an exception, as it apparently passes 
its entire life as a parasite (10). This should probably be regarded 
as a specialized type of life cycle wherein the free-living stage has 
been eliminated. 

In the north-central and northeastern parts of the United States, 
over an area extending southward to northern Virginia and westward 
to eastern Nebraska, the more common species of grasshoppers harbor 
mermithid parasites which consist largely of two species, Agamermis 
decaudata Cobb, Steiner, and Christie, 1923 (§), and Mermis subni- 
grescens Cobb, 1926. The evident economic significance of these 
parasites of grasshoppers has been noted by several investigators. 
I. G. McGrue, of Audubon, Minn., is reported by Riley ( 14 ) as 
asserting that “in that part of the country the hairworms destroyed 
as many locusts in 1875 as did any other enemy.” Writing in 1900, 
Forbes (7, p. 129) makes the following comment: 

Long thread-like, milk-white hair-worms (Mermis) are often found inVhe abdo¬ 
mens of grasshoppers, living there as internal parasites, and escaping after matu- 
rit\ to enter the earth, where the\ pass the winter, pair, and produce myriads of 
eggs the following spring. The xoung from these infest the grasshoppers of the 
war and assist greatly in the reduction of anv excess of numbers. 

In August 1908 a grasshopper outbreak at Columbia Cross Roads, 
Pa., was investigated by J. A. Hvslop, of the Bureau of Entomology, 
United States Department of Agriculture. When specimens of 
Mela noplus femur-rubrum DeGeer, the species responsible for the 
outbreak, were dissected, cream-white worms, about 3 or 4 inches in 
length, were taken from the bodies of the insects. In one case 12 
worms were taken from a female M. femur-rubrum, 10 of which were 
3 inches long. Hyslop observed that “the infested grasshoppers act 
sluggish” and that “the genital organs (ovaries and testes) were 
always consumed where worms were present.” 3 

Glaser and Wilcox (8), while investigating a grasshopper epidemic 
near Dummerston Station, Vt., in 1917, noted a high mortality among 
these insects. This mortality was due to a mermithid parasite which 
infested nearly 30 percent of all the grasshoppers in that locality at 
the time, Melanoplus atlanis Riley and M. bivittatus Say being the 
most common species. Between 1923 and 1925 there occurred in 
Door County, Wis., a grasshopper outbreak of considerable severity, 
the principal species being Camnula peUucida Scudd. The writer 
visited this region during August 1925 and found the grasshoppers 
heavily infested with mermithid parasites. There is little doubt 
that these parasites were an important factor in terminating the 
plague. 

The parasite involved in the grasshopper outbreak in Door County, 
Wis., was Mermis subnigrescens and that found by Glaser and Wilcox 
at Dummerston Station, Vt., was probably the same species. The 
parasite found by Hyslop at Columbia Cross Roads, Pa., was probably 
Agamermis decaudata , a species which is abundant in northeastern 
Virginia. It is the species with which the present paper deals. 

For convenience and clarity in description, the lile cycle of Aoo- 
mermis decaudata is divided into five stages, a£ follows: (1) The 

* Hyslop, J. A. Unpublished note 
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embryonic and ovic larval stage, which includes the development of 
the embryo from the time the egg is deposited until the larva emerges; 
(2) the preparasitic larval stage, which includes the period between 
hatching and the entrance of the larva into a host; (3) the parasitic 
larval stage, which includes the development within the host; (4) 
the postparasitic larval stage, which extends from the time the larva 
emerges from the host until it undergoes its final molt; and (5) 
the adult stage. 

EMBRYONIC AND OVIC LARVAL STAGE 

DEPOSITION, STRUCTURE, AND SIZE OF THE EGGS 

The adults of Agamermis decavdata are found coiled within small 
cavities in the so 1, usually about 5 to 15 cm below the surface. Here 
eggs are deposited and undergo embryonic development, becoming 
plastered over the parent nemas and over the walls of their earthen 
cavities. It is estimated that an average female during her life will 
deposit about 10,000 eggs. 

The egg when first deposited (fig. 1, .1) is somewhat discoidal, 
having the form of a sphere considerably Hat ten ed on opposite poles. 
As ordinarily seen under the microscope it presents a circular outline 
measuring, on an average, about 160m in diameter. When \iewed on 
edge it is ellipsoidal in outline, the length of the short axis being about 
two-thirds that of the long axis. The protoplasmic mass is surrounded 
by a thin membrane. Outside of this, in the case of Ilejamermis 
albicans (Siebold, 1848) Steiner, 1924, Meissner [Id) reported the 
existence of a colorless transparent layer composed of a semifluid 
substance which he called the albuminous layer (Eiweisschicht). 
Enclosing the whole is an outer membrane or “shell”, 1.5m to 2 m 
thick and of a pale amber or straw color. The color, at first ve,ry 
faint, darkens as the egg develops. 

Adult females of Agamermis decavdata collected by the writer varied 
in length from 3 to 46.5 cm. It was noted that eggs deposited by the 
smaller females averaged about 120 m in diameter (measured on the 
longer axis) as against an average of 163 m for those deposited by larger 
females. Results from a study of the length of females and the size 
of eggs deposited by them arc shown in table l. 


Table l .—Relation between length of female Agamerrms decavdata and size of eggs 
















Vol. 52, no. 3 


164 Journal of Agricultural Research 


The data in table 1 show that the size of the eggs deposited does 
not increase gradually as the length of the female increases. By 
comparing the average measurements of the eggs deposited by each 
female it will be observed that those deposited by females 3 to 12 
cm long comprise one group while those deposited by females 15 to 



Fim'RF 1.— Egcof Aaamtrmi* decnudata: A, Attune of deposition; B, aftpr about 24 hours; C , after about 
30 hours, 1), after 36 to 40 hours; E, after 4 to 5 days, F, after 6 to 7 days, G, after H to 9 days; H, after 10 to 


dorsal ectoderm stem cell, Cj, undifferentiated stem cell, a, a, 6, 6, cells of primary ectoderm. 
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46.5 cm long comprise another group. If the variations in the size 
of the eggs be represented by a curve, this curve will be “two-peaked ” 
with but a slight overlapping at the base. At first one is inclined to 
suspect the existence ol* two species. Such information as we possess, 
however, indicates that there is but one species, although the point is 
not yet settled. The matter will be discussed further in connection 
with the preparasitie larva. 

CLEAVAGE 


During the first 10 to 12 hours after deposition, the central proto¬ 
plasmic mass contracts slightly until there exists between it and the 
outer shell a clear space 30m to 35 m in thickness. The first clea\ age is 
perpendicular to the flattened poles of the egg and results in two cells 
slightly unequal in size. This division is usually complete at the end 
of 24 to 30 hours after the egg is deposited. The larger of the two 
blastomeres (fig. 1, B , S { ) } is the first to divide, resulting in two cells 
about equal in size. The remaining blastomere of the first pair 
(fig. 1, C, 1\), now divides. On the side opposite the two small 
blastomeres now present (A' and B'), a projection of protoplasm is 
pushed out and is eventually split off. The cell thus formed (fig. 1, 
1L B>), is smaller than any of the others and differs from them in 
appearance, being composed of a somewhat clearer protoplasm. This 
cleavage is usually complete at the end of about 40 hours and leaves 
the egg in a four-celled stage. Cell divides, resulting in two blasto¬ 
meres, P A and S A (C), each of which again divides. In the meantime 
the derivatives of the larger of the first two blastomeres (A' and B f ) 
continue in their cleavage, producing a cluster of cells which tends to 
grow over and envelop tlie large blastomere ( KMSt). This latter 
undergoes 2 or 3 cleavages before it is completely hidden, each division 
resulting in daughter cells about equal in size. At the end of 8 tq f 0 
days the young embryo lias developed to the stage shown in figure 1, 
(7. In 16 to 18 days an embryo of about one and a half coils (fig. 1, J) 
is produced, and after this the number of coils increase's rapidly. At 
first there is a tendency for the coils to assume an irregular, crisscross 
arrangement, and 20- to 30-day embryos are likely to be in this condi¬ 
tion; but after about 30 days the coils arrange themselves near the 
periphery of the disk (fig. 1, L). 

DEVELOPMENT OF THE STYLET 

In the head region of a 20-day ovic larva the outline of the develop¬ 
ing esophagus (fig. 2, A, oe) can usually be seen.. Posteriorly it 
becomes increasingly indistinct, disappearing about 40 m from the 
anterior end. The rounded anterior contour is more difficult to see 
than the walls which bound it laterally. About 16 m from the anterior 
end of the larva the esophagus is constricted, thus forming a differ¬ 
entiated anterior part (fig. 2, A, oe ant). Back of the constriction 
the esophagus has about the same diameter as the part anterior to 
the constriction. Near the center of the anterior part the primordium 
of the odontium or tooth can be seen (fig. 2, A, rente). It is a pyriform 
vesicle about 8m long by 3m wide, and in a jiving specimen appears 
somewhat lighter in color than the surrounding tissue. 

In a 25-day ovic larva the esophagus is still a prominent feature, 
the anterior part having enlarged to a diameter four-fifths as great 
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Moure 2 Development ofstvlet m igamermta dreaudata 1 20 day larva lateral view B 25 dav larva, 
lateral view ( is dav larva lateral \ lew I) 30-day larva lateral view F, 35-day larva dorsal view, 
F, 4©-da> larva lateral view O 45 day larva lateral view // 10 day larva cross section through tip of 
odontostvl head * I 30-day larva cross section through middle of odontostyl * head J fully developed 
odontost>l, senndiagrammatic K, molt at end of 55 days, lateral view atom, Stoma cut cuticle oe 
esophagus oe ant anterior enlargement of esophagus oe tb, esophageal tube od odontium hd, head*' 
of odontostyl ah shaft of odontostyl vesic, vesicle « 
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as the diameter of the larva in that region. The vesicle (fig. 2, B } 
resic) is about twice as long as wide and has a diameter one-third as 
great as the diameter of the esophageal enlargement. In the center 
of the vesicle and nearly filling it is a spindle-shaped mass of rather 
dense substance, bounded laterally by heavily cuticularized walls 
(fig. 2, B, od). 

In an average 28-day ovic larva the esophagus and the anterior 
esophageal enlargement are both more cleany defined than in 
preceding stages. The developing odontium (fig. 2, C, od) now has 
the shape of an elongated cone with a pointed anterior end and a 
hemispherical base. It has moved slightly antcriad and is enclosed 
in the vesicle, which is about one-third larger and may somewhat 
resemble it in shape. The wall of the stoma is reinforced by 2 or 
sometimes 3 hooplike (?) thickenings which when seen in lateral 
aspect present the appearance shown in figure 2, C. The tubular 
lumen of the esophagus may sometimes be seen at about this stage of 
development. 

The average 30-day ovic larva shows few changes from a 28-da t v 
larva. On the ventral side of the developing odontium (fig. 2, />, od ), 
a groove extends from near the point to near the base. This groove 
may best be understood by studying a front view of the head, where 
the odontium appears crescent-shaped in optical cross section (fig 
2, //, L , od). A tortuous, heavy-walled tube now occurs within the 
esophagus, extending past the vesicle and terminating near the base of 
the stoma, with which it may possibly communicate, although the 
opening was not seen. 

In a 40-day ovic larva (fig. 2, F 1 ) the walls of the esophagus are more 
difficult to observe, and as the larva de\elops they become increas- 
ingly obscure. The stoma now communicates directly wltli the 
esophageal tube, which runs straight back without the windings 
characteristic of earlier stages. The developing odontium, which 
up to this time has occupied a more or less axial position, now mo\es 
toward the dorsal side, the groove lying adjacent to the csoohageal 
tube. The vesicle often encompasses only the base of the odontium 
and in some cases seems to have disappeared. At about this time a 
second vesicle (fig. 2, G y resic) is formed, oblong in shape and encom¬ 
passing that portion of the esophageal tube which is destined to form 
the shaft of the stylet. The wall of this part of the tube now becomes 
thicker. At the end of about 50 days the stylet (fig;. 2, J, K) is com¬ 
pletely formed. When the odontium is united with the shaft the 
antenor extremity of the esophageal tube lies in a groove of the 
odontium (fig. 2, G ), with which it ^s eventually joined. The odon¬ 
tium, therefore, acts as a reinforcement which is wrapped around 
and united with the anterior end of the shaft. 

For a stylet formed from a modified tooth or odontium or from an 
odontium together with a portion of the esophageal tube, as in the 
present instance, the term “odontostyl ” is proposed. Such stylets 
also occur in the genus Dorylaimus and related genera, lor a stylet 
formed through a modification of the entire stoma or buccal cavity 
the term “ stomaiostyl” is proposed. Such stvlets occur in the genera 
Anguillvlina (=Tyienchus ) and Aphelenchoiaes . 
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TWENTY-DAY OVIC LAKVA 

At the end of 20 days the larva usually forms about two and one- 
half loops within the egg shell (fig. 1, K). The anterior end of such 
a larva, for a distance of 30m or 40 m, is filled with a comparatively 
clear, finely granular tissue in which distinct cell walls were not seen. 
As already noted, it is in this (dear anterior region that the developing 
esophagus is visible. Back of this region the body is fdled witli 
spherical globules which vary from 1.5m to 3m in diameter. In situ 
these globules tend to be polygonal because of the pressure of one upon 
another, but when broken from the body they become spherical 
They are probably fat or oil globules and contain a clear nongranular 
substance that darkens with osmic acid. 

THIRTY-DAY OVIC LARVA 

At the end of 30 days the larva (fig. 3) has attained a length nearly 
equal to that of the prcparasitic larva. There is a cylindrical stoma 
3 m to 4 n long by 2/z wide, its wall reinforced by the hooplike (?) thick¬ 
enings already mentioned. Whether these extend entirely around 
the stoma was not determined, but from a study of the molted lining 
they seemed to be more strongly developed dorsally and vent rally. 
In lateral view they appear as 2 or 3 pairs of dark spots (fig. 2, G). 
As the diameter of the esophageal tube is less than that of the stoma, 
the latter is narrowed somewhat where it joins the former. This 
reduction in width takes place on the dorsal side, causing in profile 
view a slightly asymmetrical appearance. 

The anterior portion of the esophagus is well differentiated; it is a 
subcylindrical structure 210 m 4 in length and possesses three noticeable 
swellings or enlargements. The first (fig. 3, oe enl (1)) is at the 
anterior end and contains the developing odontium. Posteriorly the 
diameter decreases rather gradually to about Gm to 7/x. The second 
enlargement (fig. 3, oe enl (J)) is slightly anterior to the nerve ring. 
Here the width increases gradually to about 12m, then decreases to 
4 m or 5 m. This width is retained for a distance of about 80 m and then 
again increases to 10 m or 12 m to form the posterior enlargement oi 
bulb (fig. 3, bib). The bulb is partly obscured by granules and 
globules, which fill the body from this point posteriad. 

A distinct esophageal tube, 0.5 m to 1 m m diameter, occurs within the 
esophagus throughout tliis anterior part. Embedded in the dorsal 
wall of the esophageal enlargement at the nerve ring and with a 
diameter two-thirds as great as that of the enlargement itself, is a 
large, clavate cell (fig. 3, cl). The wider end of the cell is directed 
cephalad and the narrower end extends through the nerve ring. A 
spherical nucleus is located near the anterior end of the cell. As seen 
in lateral aspect this cell is 30m long by 8m wide. Extending caudad 
from the esophageal bulb for a distance of 200m, the posterior portion 
of the esophagus (fig. 3, post oe) can be faintly seen. It is nearly 
cylindrical, has a diameter two-thirds as great as the corresponding 
body diameter, and is packed with granules or globules that are 
smaller and different in appearance from those that surround and 
partly obscure it. This structure probably includes not only the 
esophagus proper but the primordia of the glands and other organs 
later associated with it, although they cannot iiqw t be distinguished. 

* Measurements given in the morphological descriptions *ere derived from 3 or 4 specimens selected as 
being of about average site. 
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Back of the esophagus the developing intestine (fig. 3, int) } 50m 
long, is faintly visible. On the ventral side, at the junction of the 
intestine and esophagus, is located the primordium of the reproductive 
system (fig. 3, gen pri ). It is apparently composed of two cells, each 
of which is 15/z to 20 m long by 6 m to 8 m wide. Caudad from the 
posterior end of the intestine the body is filled with a continuous 
cylindrical mass of closely packed granules and globules. 

FORTY-DAY OVIC LARVA 

At the end of 40 days the ovic larva (fig. 4) is very similar in 
structure to the preparasitic larva. The esophagus is composed of 
an anterior and posterior part. The anterior part is possibly homolo¬ 
gous to the corpus and the posterior part to the isthmus and bulb 
as found in certain other nematodes. In the anterior part the 
swellings noted in the 30-day larva have disappeared, and there 
remains a cylindrical structure 4 m in diameter containing a con¬ 
spicuous tube 1.5m to 2m in diameter. At about 220m from the 
cephalic end of the animal the esophagus enlarges to a widty of 10 m 
and at the point where this enlargement begins the character of the 
lumen is abruptly altered. Tliis change is from a tube more or less 
circular in cross section to one with a triradiate cross section and 
marks the junctionjof the anterior^and posterior parts of the esopha¬ 
gus. The posterior part has a length of about 300m. Its anterior 
end has the form of a bulblike_s welling] (fig. 4, bib) 35m long by 10 m 
wide. The remaining position^ 245/z in length, while perhaps struc¬ 
turally similar to the bulblike sw elling, is greatly modified m shape 
bv the presence of three large glands. The largest of these glands 
(fig. 4, subd oe gl) is right subdorsal in position. It first appears in 
about 35 days as a subcylindrical structure extending anteriad from 
the base of the esophagus about two-thirds the distance to the bulb¬ 
like enlargement. In a 40-day larva it has increased considerably 
in diameter, extends farther anteriad, and often appears to have a 
branched anterior end. It is filled with closely packed, nearly 
spherical globules averaging about 3m in diameter. At its anterior 
end a mass of similar globules often forms a separate body, the size 
and shape of w r liich differ in different specimens. On the left sub- 
ventral side there are eventually developed two smaller glands. 
These, however, are usually not discernible at tliis stage and will be 
discussed in connection with the preparasitic larva. The excretory 
pore is opposite the nerve ring. The pore itself was not seen, but the 
duct leading to it can usually be detected. 

The genital primordium (fig. 4, gen pri ) remains about the same as 
in a 30-day larva. The intestine has increased slightly in length, but 
otherwise it has changed little. The granules at the posterior end of 
the intestine are arranged in transverse rows (fig. 4,7 id), preparatory 
to the formation of the node, a structure to be described later. 

When a 30- to 40-day larva is removed from the egg sometimes the 
cuticle is seen separating from the body at the two extremities. This 
is the beginning of the first molt. As molting progresses the cuticle 
is frequently invaginated at the anterior end because of the lining of 
the esophagus (fig. 2, K). The cuticle finally breaks at some point 
on the body, and the anterior portion is pushed off over the head and 
the posterior portion over the tail. In an egg containing an almost 
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fully developed ovic larva the east c uticle can usually lie seen wound 
into a ball and located near the center of the egg. At a temperature 
of 12° to 2f>° (\, molting begins within 1 to 2 months. The lining of 
the stoma and of the esophageal tube, as ell as the rings (?) reinforcing 
the wall of the former, are shed with the old cuticle. Sometimes the 
outer cuticle breaks from the lining of the esophageal tube and stoma, 
and the latter is left protruding from the mouth. In one instance 
of this kind the ejection of this lining was completed while the speci¬ 
men was under observation. The length of the ejected lining was 
equal to the distance from the anterior end to a point opposite the 
genital primordium, indicating that this entire legion of the alimentary 
tract is cuticular-lined stomodaeum. 

TIME OF HATCHING 

At the beginning of winter each adult female is surrounded by the 
eggs produced by her during the preceding summer. All stages of 
development are represented, many eggs containing fully developed 
o\ic larvae. While an occasional egg will hatch during the winter, 
hatching, for the most part, is suppressed until the ad\ent^Tf waim 
spring weather. 

On November 27, 1924, three females were dug from the soil in such 
a manner that the eggs surrounding them were not disturbed. Each 
female was placed in a container devised for the purpose, and reburied. 
When iirst examined on February 4, 1925, some of the eggs had 
already hatched, and in every container a few larvae were found in 
the soil near the eggs. On April 22 larvae could not be found around 
any of the egg masses, but on May 5 three acthe larvae were seen in 
one of the containers. On May 19, active larvae were fairly numerous 
in all three containers. On June 2, active larvae were present but 
not so numerous as on May 19. On June 21, active larvae were 
again fairly numerous. Howe\er, the (gg masses had not been 
noticeably depleted and the number that had hatched up to this time 
represented but a very small percentage of the total number of eggs 
present on November 27. On July 12, the soil in one of the containers 
was teeming with active larvae and nearly all of the eggs had hatched. 
In the other two containers the eggs had all hatched and the lan ae had 
apparently migrated, for none was found. 

From the foregoing observations it appears that, in the region of 
Falls Church, Ya., in spite of a limited amount of hatching during 
winter and early spring, the greater part of the lan ae emerge between 
late June and the middle of July. 

PREPARASITIC LARVAL STAGE 

STRUCTURE OF THE CKEPARASITIC LARVA 

Ovic larvae, when kept at room temperature, appear to be fully 
developed within 50 to GO days. However, they do not lea\e the 
egg immediately. In nature, as already noted, a lan a which becomes 
fully developed during late summer will ordinarily remain within the 
egg until the following spring. 

rreparasitie lanae (jig. 5) vary in length from 4.42 to 5.59 mm, the 
majority being from 5 to 5.10 mm. This does not include indhiduals 
hatched from the smaller type of eggs previously referred to, the 
taxonomic status of which will be discussed later. The width of the 
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body is as follows: At the base of the spear, 16m to 17m; at the nerve 
ring, 20m to 22m; at the esophageal bulb, 22m to 24m; at the base of 
the esophagus (region of the genital primordium), 23m to 25m; slightly 
posterior to the node, 20m to 22m. The body is divided into an anterior 
region, which contains the principal organs, and a posterior region, 
which is a food-storage region and a propelling organ. These two 
body regions are separated by the node (fig. 5, nd), where an automatic 
amputation takes place when the larva enters its host. The cuticle 
is 1.5m to 2 m thick and appears smooth. If it is transversely striated 
the striae are exceedingly difficult of resolution. The head is rounded 
and bears six small papillae. The amphidial openings are situated 
6.5m from the anterior extremity. In carmine-stained specimens the 
internal amphidial structure is conspicuous, extending posteriad to 
a point 4 m distant, where it seems to end abruptly, the stain not 
having penetrated farther. The odontostyl (fig. 5, odsty) is from 
33m to 37m long and is composed of an enlarged subconical pointed 
head Km long by 3 m wide and a posterior shaft 2 m wide and very 
slightly expanded at its base. The entire structure is holh)w T , with 
the anterior opening on the ventral side. The odontostyT is sur¬ 
rounded by well-de\ eloped muscles. 

The anterior portion of the esophagus is about the same as that 
already described for a 45-day ovic larva. Transverse sections 
through the cuticularized esophageal tube show that a thin layer of 
tissue surrounds the tube, although the total diameter of the esoph¬ 
agus in this region does not exceed 4m- While in general the tube is 
circular, in transverse section its shape is often suggestive of a trira- 
diatc origin. In parasitic larsae the triradiate character of this part 
of the lumen is sometimes very apparent. 

About 245m from the anterior end of the body the esophagus widens 
to form a bulblike enlargement (fig. 5, bib) 10m in diameter, which 
possesses distinct radiating muscles. As previously noted, the lumen 
changes abruptly in character at the anterior end of the bulb. The 
posterior portion of the esophagus is partly obscured by the eso¬ 
phageal glands, which extend nearly to the posterior margin of the bulb. 
The anterior end of the largest gland (fig. 5, subd oe gl) lies about 
35m behind the anterior end of the bulb, and the gland extends caudad 
the entire length of the esophagus, a distance of about 270m. It is 
right subdorsal in position and is packed with clear, spherical globules 
1m to 1.5m in diameter. There is a region at its anterior end which 
is somewhat different in appearance and either contains a small group 
of globules somewhat separated from the others, or lacks globules 
and is filled with a homogeneous nongranular substance. The two 
smaller esophageal glands (fig. 5, subv oe gl) are left subventral in 
position and are filled with a homogeneous substance of a granular 
appearance. Their anterior ends lie slightly behind the anterior 
ends of the subdorsal gland. They extend caudad 90m to 100m and 
at their widest point have a diameter of 6m to 8m- A nucleus is 
situated near the anterior end of each. These glands communicate 
with the lumen of the esophagus through pores. The esophagus 

f iroper lies between these glands and is slightly compressed by them, 
n cross section it appears as a somewhat triangular structure, almost 
axial in position, with the lumen near its center. Sixteen rather 
conspicuous nuclei are found in this region of the body. Posteriorly 
they have a tendency to be arranged in pairs, one on each side of 
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the esophagus, although their position varies somewhat in different 
specimens. They are spaced more or less equidistant and the first 
pair lies slightly in front of the posterior end of the subvcntral glands. 
They are nuclei in the primordia of the so-called “stichocytes.” 

The intestine (fig. 5, int) is 80 m to 90m long and extends from the 
base of the esophagus to the node. It is without a distinct lumen 
and contains two kinds of granules arranged in a loose network. The 
smaller and more numerous of these granules do not stain intra-vitam 
with neutral red, while the larger granules stain promptly. In the 
anterior two-thirds of the intestine, cell walls could not be seen, but 
in the posterior part definite transverse walls are present, becoming 
more conspicuous near the node. A varying number of prominent, 
slightly concave, transverse septa mark the position of the node. 
One or sometimes several of the most posterior septa have their 
convex surface posterior, while the others have their convex surface 
anterior, and between these there is a small clear space. It is at 
this point that the amputation of the caudal portion of the body 
takes place; the septa remaining on the body proper form a plug, 
which pre\ents the body contents from exuding. The part posterior 
to the node constitutes about 80 percent of the total length of the 
larva. The width back of the node, 20m to 22m, is slightly less than 
that in front of the node, and the caudal portion retains this width 
throughout two-thirds of its length. It then gradually tapers pos¬ 
teriorly, ending in a pointed terminus, which may sometimes be 
curved at the tip. Except for a terminal portion of about 200m, it 
is filled with a moniliform series of about *>0 cells. Each cell has a 
central nucleus surrounded by a network of protoplasm containing 
spherical refractive globules up to 5 m in diameter and smaller granules 
of 1 m or less. The cells are separated by a clear space containing J, 
or occasionally 2, refractive, irregular-shaped crystals. ^ 

In a 25- to 30-day ovic larv a the entire caudal portion, except for 
a short terminal region, is packed with spherical globules forming a 
continuous cylinder. In about 40 to 45 days these globules become 
so arranged as to form short cylindrical “segments”, each of which 
is separated from those adjacent by a narrow' space. Back of the 
node these segments are 20m to 30m long and increase in length pos¬ 
tered until they become 70m to 80m long near the posterior extremity . 
As the larva develops, the clear spaces separating the segments in¬ 
crease in size, and at the time of hatching each usually contains a 
small crystal (fig. 5, cryst). As the larva becomes older the globules 
decrease in number and after a few days have nearlv an disappeared. 
At the same time the clear spaces grow larger, and fhere is a slight 
increase in the size of the crystals. These globules, which do not 
stain intra-vitam with neutral red, are probably reserve material 
which is gradually utilized. The contents of the clear spaces, in¬ 
cluding the crystals, are interpreted as waste products of metabolism. 
Among the globules are smaller granules which stain deeply with 
neutral red, in this respect resembling similar granules in the 
intestine. 

MIGRATION TO THE HOST 

After hatching, the preparasitic larvae must migrate to the surface 
of the soil to locate their insect hosts. Although Melarioplus jemur- 
rubrum , like many Acridiidae, deposit their eggs in the soil, the writer 
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regards it as improbable that nymphs become infested before leaving 
the soil. Such a possibility is precluded in the case of Orchelimum 
I'uJgare Harris and many other tettigoniids by the fact that eggs are 
deposited in the stems of plants. Observations made both on grass¬ 
hoppers in the field and on those hatched and reared in the laboratory 
indicate that nymphs of M. fennir-rnbnttn do not often come into 
actual contact with the soil, but tend to feed and rest on grass and 
other vegetation. Observations made at night revealed nymphs of 
this and other species of grasshopper resting on the plants and not 
on the ground. It appears necessary that the preparasitic larvae 
climb the grass and other vegetation in order to reach their hosts. 
As drying is fatal, this climbing must be done either at night or early 
in the morning while the grass is wet with dew, or during rainy 
weather. That the larvae will climb a moist surface has been demon¬ 
strated in the laboratory, where they were found ascending the glass 
sides of an insect cage. 

MKTH(H) OK ENTERING THE HOST 

Although the writer has never observed the entrance of the pr?parn- 
sitic larva into the host in nature, experimental infestation of insects 
in the laboratory is easily accomplished. As the eggs of both Agamer - 
mis decavdata and Melanoplus femur-rubrum hatch readily when 
brought into the laboratory, an abundance of young individuals of 
both host and parasite may be had throughout the winter for experi¬ 
mental purposes. To infest a grasshopper nymph with A. decaudata 
the following method was employed and proved satisfactory. 

A glass slide was placed on a turntable and with a small candle a 
w r ft\ ring (fig. fi, a) about one-fourth of an inch in diameter wuis run 
on. With a scalpel a narrow channel was made through this ring at 
tw r o points (b, r), in which was laid a long hair. One end of the hair 
was sealed dow r n w r ith a drop of hot wax (d)> which at the same time 
closed that channel. The nymph was wet by being shaken in a vial 
containing water. This not only rendered the nymph less active 
and easier to handle but facilitated the entrance of the larvae. With 
a moistened camers-lmir brush, the nymph was transferred to the 
slide and placed on its side within the ring. The hair was drawn 
across its body just back of the pronotum. The free end of the hair 
was then sealed down with a drop of wax, which at the same time 
closed the other channel. A nymph thus pinioned may be held 
securely for a long time without injury. The nymph should rest in a 
drop of w r ater in which are placed active preparasitic larvae. 

The larvae swim rapidly at first, moving in an apparently aimless 
way, often following the periphery of the drop, and are not noticeably 
attracted by the presence of the insect. After a few^ minutes some 
may be seen with their heads pushed against the nymph or inserted 
between the segments. Entrance does not necessarily follow this act 
as the larvae may move or be kicked a wav and resume their apparently 
aimless sw imming. Soon, how ever, detached caudal ends will usually 
appear, and if tlie detached anterior ends cannot be seen it may be 
assumed that infestation has taken place. The activity of the nymph 
often breaks larvae at the node before they have had an opportunity 
to enter. The detached anterior ends continue actiye movement and 
have been seen attempting to bore their way into the nymph, but 
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hampered by the loss of their propelling mechanism, probably never 
succeed. The larvae appear to attack the nymph at any point with¬ 
out preference, and have on occasion been soon boring at the distal end 



Fifii'RE r>. -Device with which grasshopj>er nymphs were experimentally Infested: A, Olass slide with 
wax ring (a ) divided at two points (6, c)\ D, wax ring (a) closed at one point by drop of wax (d) in which 
is embedded end of hair (r); C, wax ring (a) closed by second drop of wax (J), with nymph fastened in 
center by hair (f). 

of the posterior femur. They seem able to penetrate more easily 
through the thorax, and probably the majority enter near this region. 
Despite the fact that the entire operation can be kept under the closest 
scrutiny, it is exceedingly difficult actually to see the larvae go in. 

53230 36 — 2 
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Piguri Tw-^Faraiitic lur\a of Agamnm%$ dtenudata , about 6 to 8 days 
in the host, in which the postnodal portion of the body was not de¬ 
tached when the larva entered the host fid, Node, pottnd, postnodal 
region of body, die, stichocytes, troph, trophosome (modified intes¬ 
tine). 


Because of their mi¬ 
nute size and the high 
magnification neces¬ 
sary to follow their 
movements carefully, 
they are lost from view 
immediately they 
come into contact with 
the nymph. In only 
a few cases, where light 
conditions were excep- 
tionally favorable, 
were larvae seen m the 
process of entering 
The time necessary for 
making the puncture 
varies con sicl era bly. 
Sometimes they pene¬ 
trate within 1 to 2 
minutes and at other 
times t hey bore for 5 to 
10 minutes. One e the 
head is inserted they 
enter immediately. 

At this time they 
usually break at the 
node, leaving the pos¬ 
terior portion of the 
body outside the host, 
although occasionally, 
the amputation does 
not take place and the 
posterior portion is 
carried m (fig. 7). 
Although the break¬ 
ing at the node ma) 
usually be caused by 
the activity of the 
host, this is not neces¬ 
sarily true. In one 
experimen t a 1 -day- 
old nymph of Alelano- 
plus f emur-rubrum 
was pinioned on a slide 
and 10 active prepar- 
asitic larvae were 
placed around it. Ex¬ 
cept for some move¬ 
ment immediately 
after it was pinioned, 
the grasshopper re¬ 
mained absolutely 
quiet. In about 5 min¬ 
utes 2\ detached pos- 
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tenor ends and 1 detached anterior end were seen; a few minutes 
later another detached anterior end was noticed, and finally a larva 
was seen actually breaking at the node. The breaking of this larva 
before the anterior end had penetrated the host could not have been 
due to any movement of the nymph. 

By counting the larvae and the detached anterior and posterior 
ends that remain on the slide after the nymph is removed, it is possible 
to approximate with considerable accuracy the number of larvae that 
have entered. In 88 experiments in infesting first-instar nymphs of 
Melanoplus femur-rubrum, 519 larvae were used, of which 304, or 58 
percent, succeeded in entering. These figures were secured by actual 
dissection of the hosts. 

TWO TYPES OF LARVAE 

A difference in the size of eggs deposited by females of different 
lengths has already been mentioned (p. 163). There is an even more 
pronounced difference in the size of the larvae that develop from these 
eggs. Preparasitic larvae from eggs of the smaller type range from 
2 to 2.18 mm in length, the distance from the head to the node being 
370m to 410m, and the distance from the node to the caudal extremity 
1.04 to 1.77 mm. Preparasitic larvae from eggs of the larger type 
range from 4.42 to 5.57 mm in length, the distance from the head to 
the node being 610m to 840m and the distance from the node to the 
caudal extremity 3.84 to 4.81 mm. 

Cobb, who studied these larvae in 1923, regarded the smaller type 
as probably a different species. The following is quoted from unpub¬ 
lished notes by this investigator: 

These larvae closely resemble those of Agamermis decaudata but with the fol¬ 
lowing differences: They are much smaller; the node is differently constructed; 
there are about half as many trophoeytes 5 (33); the tail end is hamate and there 
is a more decided difference in the diameters of the cephalic and caudal parts. 
In A. decaudata about 8 to 10 cells take part in building the node, while here 
apparently there is only one such cell, so that instead of presenting a roll-of-coin- 
like series of cells just in front of the node there is but a single, flattish, refractive 
cell (?) at the node. There is a difference also in the nodal contour below the 
subcuticle. The constriction is larger and more conspicuous than in decaudata , 
in which sometimes there is very little evidence of a constriction. Opposite the 
constriction in the present species is a single roll-of-coin-like cell; behind the 
constriction what may be called the protoplasmic portion of the interior of the 
nema expands, approaches closely to the cuticle, and then retreats, indicating the 
presence of a rather sharp encircling ridge under the cuticle immediately behind 
the constriction. Behind the ridge is an almost imperceptible, very shallow, 
second constriction. Notwithstanding these changes in the countour of the 
interior portion of the nema, the contour of the body itself varies but very little, 
there being only a decrease in diameter, sometimes almost imperceptible, oppo¬ 
site the before-mentioned ridge. Another marked difference in these larvae 
is the hooked condition of the tail end, which has somewhat the form of a fishhook, 
the curvature being all of 180°. The terminus is acute. Almost at the terminus 
on the ventral side there is a slight irregularity in t he ventral contour, so that there 
is a slight asymmetry at the apex. 

It should be mentioned that the number of elements (cells?) which 
make up the node is subject to some variation in both types of larvae, 
and that sometimes larvae of the larger type have the hooked caudal 
extremity nearly as pronounced as those of the smaller type. Except 
for size, the two types of larvae are certainly very similar morpholog¬ 
ically, a condition which is equally marked in the adults. 

4 The term ** trophoeytes ”, as used by Cobb in this connection, refers to the (sells or elements in the post* 
nodal part of the body and not to structures associated with the modified intestine or trophosome. 



180 


Journal of Agricultural Research 


Vol 52, no. 3 


On January 4, 1928, four nymphs of Melanoplus femur-rubrvm wore 
exposed to active preparasitic larvae of the smaller type. An attempt 
was made to infest the nymphs with one parasite each. The grass¬ 
hoppers were dissected on February 1(5. Two were not parasitized, 
one harbored a female mermithid 16.5 cm long, and one a female 
mennithid 35 cm long. This experiment should, of course, be repeated 
and the mermithids reared to maturity. However, several hundred 
experimental females have been kept under observation by the writer, 
and eggs of the smaller type have never been deposited by females 
exceeding 15 cm in length. The rearing of a female 35 cm long from 
a preparasitic larva of the smaller type does not support the conten¬ 
tion that these smaller larvae are a different species. The writer is 
inclined to regard the size differences of eggs and preparasitic larvae 
as due to some host influence. It is one of the many unsolved prob¬ 
lems that await future investigators of this group of parasites. 

PARASITIC LARVAL STAGE 

The rate of parasitic larval development is subject to considerable 
variation. This is due in part to individual differences in the larvae, 
lor parasites that enter the same host at the same time do not develop 
at the same rate. The age and physical condition of the host are also 
important factors. When newly-hatched grasshopper nymphs are 
infested the rate of development of the parasites is somewhat slower 
than when the nymphs are several days old. If infested nymphs are 
subjected to a temperature low enough to render them inactive and 
reduce food consumption the development of the parasites is notice- 
ablv retarded. 

THREE DAYS IN THE HOST 

Then* is little change in the length of the larva during the first 3 
days in the host. The width increases slightly. The subdorsal 
esophageal gland is less conspicuous, although remnants of it can 
usually be seen. In one specimen, examined alive, the outline of the 
entire gland was visible. Although appearing nearly empty it still 
contained scattered masses of what seemed to be partly degenerated 
globules which mo\ed backward and forward wdth the movement of 
the animal. Traces of the subvcntral glands may sometimes be seen, 
but in most cases they have disappeared. Conspicuous unicellular 
structures occur in the esophageal region of many mermithids and 
have been termed “stiehocytcs” by Steiner (20). They may occur as 
isolated structures or, as in the present case, they may lie close together 
and form a distinct body which has been called a 4 ‘stichosome.” 
Recent investigations by Chitwood (/) have demonstrated that each 
stichoeyte is an esophageal gland and communicates wuth the lumen 
of tlie esophagus through a pore. After Agamermis decaudata has 
been 3 days in the host the stichosome contains 1(5 large and con¬ 
spicuous nuclei, but the contour of the individual stichocytes is 
obscure. 

FOUR DAYS IN THE HOST 

The length of a 4-day parasite (fig. 8) is still not appreciably 
greater than that of a preparasitic larva from the anterior end to the 
node M Its maximum diameter has increased and i» now 25g to 40g. 
The esophageal bulb has increased somew hat in length and its anterior 
part is drawn out into a long neck. It still undergoes rhythmic mus- 
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cular contractions. The granules or globules characteristic of the 
preparasitic larva have largely disappeared. No trace of the subdor¬ 
sal and subventral esophageal glands was seen. The nuclei of the 
stichocytes are spherical or slightly oblong and have a diameter of 
about 12/i' Throughout the length of the esophagus the lumen is 
distinct. The intestine is composed of distinct, nucleated cells. The 
size and appearance of the genital priinordium remain unchanged. 

SIX DAYS IN THE HOST 

After G days the larvae studied (fig. 9) were 660m to 680m long by 
50m to 60m wide. The intestine is a distinctly cellular organ without 
a lumen. The sticliosome, with its 16 nuclei, is now a large and con¬ 
spicuous body. Although the lumen of the esophagus is distinctly 
seen, the esophageal tissues surrounding it are obscure and are more 
or less embedded in the sticliosome. This fact is not apparent in 
preparations in toto, where the esophageal tube appears to pass 
directly through the stichosome. One is reminded of a similar condi¬ 
tion in members of the genus Trichuris . ^ 

EIGHT DAYS IN THE HOST 

After 8 days the specimens studied (fig. 10) averaged 1.5 mm in 
length by 70m in width. The region of the body from the anterior 
end to the esophageal bulb is slightly shorter than the corresponding 
region in a preparasitic larva. The region containing the posterior 
portion of the esophagus is about 100m longer than that region in the 
preparasitic larva. The greatest increase in length was in that part 
of the body containing the intestine. This is the beginning of an 
enormous growth in the intestine. The boundaries of the individual 
stichocytes are faintly visible. The genital primordium is slightly 
larger and it is now situated somewhat posterior to the junction of 
esophagus and intestine. 

FOURTEEN DAYS IN THE HOST 

After 14 days the specimens studied (fig. 11) were 3.5 to 4 mm 
long by 80m to 90m wide. The anterior portion of the esophagus is 
350m long, with an average diameter of 20 m; its course is tortuous, 
and the esophageal tube is distinct. The posterior portion of the 
esophagus is more or less cylindrical, 750m long by about 10m to 12m 
wide, with a small but distinct lumen. The boundaries of the indi¬ 
vidual stichocytes are fairly distinct. The body posterior to the base 
of the esophagus is filled with a greatly enlarged intestine in the form 
of a cylindrical mass of cells and is without a lumen. Its cells have 
pushed past the base of the esophagus and extend anteriad nearly to 
the nerve ring. The genital primordium has shifted posteriad with 
the growth of the intestinal tissue and now lies about midway between 
the base of the esophagus and the posterior end of the body. It is 
still an oblong structure, usually about 90m long by 30m wide. 

DURATION OF PARASITIC LARVAL STAGE 

Infestation may take place in nature over a considerable period. 
In one instance a female larva emerged from a nymph of Melanoplus 
femorutus Burm. on July 15. Assuming that this* parasite required 
80 days to complete its development in the host, infestation must 
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have taken place during the latter part of April. Parasites that have 
not been in the host more than 3 or 4 days are occasionally dissected 
from grasshoppers as late as August Nevertheless, in northeastern 



Virginia a large percentage of the infestation, so far as grasshoppers 
are concerned, probably takes place during about 2 weeks near the 
middle of June. All the parasitic larvae dissected at a given time of 
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the year from grasshoppers collected in a particular locality show a 
tendency to be in approximately the same stage of development. This 
is in marked contrast to the case of Mermis subnigrescens, where it is 
common for a host to harbor parasites in widely different stages of 
development. 



Figure 11 . -Parasitic larva of Agamermts decaudata 14 days in the host' 6/5, Bulblike enlargement of 
esophagus; gen pri, genital primordlum; nrv r, nerve ring; Stic, stiehosome (esophageal glands); troph, 
trophosome. 
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When grasshoppers were collected in early August and confined in 
cages, the parasites that emerged during the following week included 
many males. When the grasshoppers were collected during the lat¬ 
ter part of August, the parasites were largely females, and when the 
grasshoppers were collected during September, the parasites were 
almost exclusively females. Table 2 is based on nymphs of Melanoplus 
femur-rubrum that were reared in the laboratory and experimentally 
infested. 

In cases where both males and females are harbored by the same 
host, all frequently emerge simultaneously at about the normal time 
for the emergence of the males. Some of these prematurely emerged 
females survive and some die, depending, apparently, on the extent 
of development at the time of emergence. 

While the duration of the parasitic stage is subject to considerable 
variation, it is usually from 1 to 1% months for males and from 2 to 
3 months for females. 


Table 2. —Duration of the parasitic larval stagt of Agamermis decaudata 
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EFFECTS OF THE PARASITE ON THE HOST 

There is no doubt that grasshopper nymphs can be infested with a 
8uflieient number of Agamennis decaudata to cause the death of the 
host. It is difficult to determine how many are necessary. The 
writer at one time regarded from 8 to 10 as usually constituting a 
lethal infestation, but this estimate w as based on hosts reared in the 
laboratory and may not be true for grasshoppers in their natural 
environment. The number of parasites that an animal will some¬ 
times tolerate is one of the astonishing tilings about parasitism. 

Although over 3,000 infested grasshoppers, collected in the vicinity 
of Falls Church, Va., have been examined, only 1 harbored as many 
as 4 Agamermis decaudata parasites, and instances of 2 and 3 parasites 
per host were comparatively rare. But, strangely enough, on one 
occasion 7 larvae of tills species were dissected from the small coc- 
cinellid beetle Ceratomegilla jusetiabris Mulsant. That grasshoppers 
can be infested with a large number of parasites of this species has 
been demonstrated in the laboratory, where as many as 27 larvae 
have entered 1 nymph. However, one parasite per host (fig. 12) 
appears to be the usual number in nature, and evidently death from 
overinfestation is not a common occurrence. 

Mermithids usually kill their host at the time they emerge. Craw¬ 
ley and Baylis (6), in the case of ants, found that “after the emergence 
of the worm the ants became very active but their death was only 
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deferred a short time.” Strickland (21) states that Shnvlivm larvae 
were always finally killed when the mermitliid bored its way out to 
escape into the water. Glaser and Wilcox (8, p. 18) observed, in the 
case of Melanoplus atlanis and M. bivittatus , that “when the worms 
are about to emerge, the grasshoppers fall over on one side, kick for 
a time, and then die.” 

The writer has observed the emergence of Agamermis decaudata 
many times. The parasites came out head foremost, forcing their 
way through the body wall between the segments, most often in the 
region of the thorax. In no case were they seen emerging through 
the mouth or anus. A half hour or more was often required for the 
process, during which time the grasshopper might be quite active, 
dragging the mermithid around and otherwise treating it roughly, a 
fact which may account for the rather common occurrence in nature 
of injured postparasitic larvae and adults. In some cases the nema, 
when about half way out, coiled around a blade of grass and entirely 
extricated itself as the grasshopper moved away. 



Fiourk 12 — Nymph of Melanoplus femur-rubrum with parts of body wall dissuted away to show position 
of parasite This grasshopper contains one female Agamernm decaudata , which is approximately full 
grown 


The immediate effect upon the grasshopper is a partial paralysis of 
the legs and an inability of the insect to maintain its equilibrium. It 
will fall over on one side, then right itself and crawl slowly around, using 
its fore and middle legs with apparent difficulty and often dragging 
its hind legs. These movements become more sluggish until finally 
it falls over and remains quiet as if dead, but will move if disturbed, 
and may live for several hours. A grasshopper from which a mermi¬ 
thid has emerged during the day may still be alive when the labora¬ 
tory is closed for the night, but it is always dead the following morning. 

The external structure of some insects is noticeably changed by the 
presence of mermithid parasites. This is especially true in the case 
of ants. Inasmuch as Wheeler (22) has carefully discussed this phase 
of the subject, it will not be reviewed here. The writer has not been 
able to detect, at any stage in their development, a noticeable external 
difference in structure between parasitized and nonparasitized grass¬ 
hoppers. 



188 


Journal of Agricultural Research 


Vol 52, no 3 


In every ease where the writer has examined an adult female 
Melanoplus femur-rubrum parasitized with Agamermis decaudata, the 
ovaries were reduced in size (fig. 13), and in many instances were 
vestigial. The extent to which the female gonads are reduced de¬ 
pends on the time the infestation was acquired and the number and 
size of the parasites. In the case of Mermis sub nig re see ns , where 
infestation may take place at any stage in the life of the host, the 
time of infestation and the number of parasites become important 
factors in this connection. With A. decaudata, of which one parasite 
each is usually acquired while the nymphs are young, these factors 
cause less 'variation in the female gonad de\eIopinent of their hosts. 
When an adult grasshopper is found parasitized with a single A. 
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* k.i re 13 Welanoplm femur-rubrum dibM* ted to show female repiodu. live organs of Cl) normal adult 
and ( H) on« from w Inch Agamermis decaudata lues emerged (las car, gastric caeca, tut, intestine, of oval 
oi d, oviduct, spthc, spertuatheca 

decaudata the parasite is usually a female. Tliih is probably because 
males of this species, lui\mg a shorter parasitic stage, usually emerge 
before their hosts reach maturity. Consequently the cases of female 
gonad suppression that have come to the writer’s attention have been 
those in which grasshoppers harbored relutriely large mermithids. 
To what extent the smaller male parasites affect the female gonad 
development of their hosts is not known. 

The male gonads of Melanoplusfemur-rvbi uni are much less affected 
by the presence of mermithids than are the female gonads. In many 
instances the testes are not materially reduced in size, and all para¬ 
sitized male grasshoppers examined by the writer seemed capable of 
producing spermatozoa. In several instances copulating pairs of both 
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M. femur-rubrum and M. bivittatus have been captured, and on 
examination the male was found to harbor a mernbthid. 

Specimens of Melanoplus femur-rubrum collected from the middle 
to the latter part of September were largely adults, with a few indi¬ 
viduals still in the nymphal stage. In several instances nearly all 
such nymphs were parasitized, although not over 10 percent of the 
adults were infested. The probable explanation of this became 
apparent when it was noted that in cage-reared grasshoppers para¬ 
sitized individuals were still in the nymph stage long after uninfested 
individuals, hatched at the same time, had reached maturity. This 
retarded development of infested grasshoppers is sometimes very 
pronounced. 

EFFECTS OF THE HOST ON THE PARASITE 

In an earlier paper (2) it was demonstrated that in the case of 
l tennis subnigrescens a large number of mermithids per host resulted 
m the development of male parasites and a small number of mermi- 
thids per host in the development of females. It w T as suggested that 
this is probably also true in the case of Agamermis decaudafa. The 
manner in w hich M. subnigrescens is acquired often results in succes¬ 
sive infestations, and a single host may harbor 20, 30, or, on rare 
occasions, over 100 parasites. In the case of A. decaudata, as already 
noted, a grasshopper harboring more than two or three parasites has 
rarely been found. Nevertheless, males of M. subnigrescens , while 
easily reared in the laboratory, are seldom encountered in nature,'hew 
specimens ever having been collected. Male« of A. decaudaia , on the 
other hand, are always more numerous than the females and are 
easily collected in large numbers. Males of this species can and do 
develop in grasshopper hosts, although when these insects are col¬ 
lected and confined m cages the number of males that emerge is sur¬ 
prisingly small. But insects other than grasshoppers are infested with 
-1. decaudafa In the vicinity of Falls Church, Va., the coccinellid 
beetle (Vratomegdla fuscilabris and the leaf hopper Draeculacephala 
moUipes (Say) both regularly harbor this parasite, and on several occa¬ 
sions unidentified crickets have been found infested. When the 
coccinellid beetles w r ere collected and confined in cages, the few T para¬ 
sites that emerged were males. It seems probable, therefore, that 
some of these smaller insect hosts contribute toward the development 
of males of *\. decaudafa. 

COMPARATIVE INFESTATION OF MALE AND FEMALE GRASSHOPPERS 

When examining Melanoplus bivittatus and M. atlanls collected near 
Bummerston Station, Vt., Glaser and Wilcox (<?) found parasitized, on 
an average, about 45 percent of the females but only about 9 percent 
of the males. The data in table 3, based on an examination of over 
3,000 specimens composed largely, but not exclusively, of three 
species, namely, M . jemur-rubrum , Orchelimum milgare , and Cono- 
eephalus brevipenne (Scudder), show no such difference between the 
percentage of infestation in the two sexes. 

Table 3 was compiled from dissections begun in early July and 
continued throughout the year as long as grasshoppers could be col¬ 
lected. A large percentage of the material examined, however, 
consisted of nymphs. 
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POSTPARASITIC LARVAL STAGE 

MIGRATION TO THE SOIL 

Once free from the host, the postparasitic larvae enter the soil. 
This migration is probably one of the vulnerable points in the life 
cycle. In breeding cages where the soil is hard or crusted over, many 
newly emerged parasites perish, and one often finds their dried and 
tightly coiled remains on the surface of the soil or clinging to foliage 
put in to serve as food for the grasshoppers. It seemed possible that 
wet or humid conditions might stimulate fully grown parasitic larvae 
to emerge, and the writer attempted to test this by thoroughly wetting 
cages containing infested grasshoppers, but was unable to show in a 
convincing manner that the water had any effect. In every case 
where emergence has been observed it took place during the day, 
showing that this act is at least not confined to the night. In nature, 
the soil ordinarily is not very hard or dry beneath thick herbaceous 
vegetation and the ground is penetrated to a surprising extent by 
the galleries of various organisms. 


Table 3 Comparison of tin number of male and female grasshoppers infested 

with Aganurnns dtcaudata 
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Females usually penetrate the soil to a depth of from 5 to 15 cm, 
w r here they coil themselves into the characteristic knot (fig. 14). 
Here they molt, copulate, (deposit their eggs, and die. The vertical 
distribution of these mermithids beneath an area of 9 square feet in 
a field at Falls Church, Va , is shown in table 4. Both adults and 
postparasitic larvae are included. 


Table 4. —Vertical distribution of Agamermis decaudata in the soil 
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Males apparently do not seek the females until the latter have 
molted or are about to molt, and during the first winter individuals of 
the two sexes remain isolated. The knot of the postparasitic larval 
female is composed of loose loops, in contrast to the tight knot usually 
formed by adults. 
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DURATION OF THE POSTPARASITIC LARVAL STAGE 

Like other stages in the development of this parasite, the duration 
of the postparasitic larval stage a aries somewhat with different indi- 



i'loi re 14 —-A knot of Agamermts <i(candata, containing a female and several males, In natural position m 

the soil 


yiduals. A majority of the females molt during July and begin depos¬ 
iting eggs in August. Information regarding males is less satisfac- 
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tory, but their postparasitic larval development appears to parallel 
that of the females (table 5). 


Tab Lb 5 — Duration of the postparasitic larval stage of Agameimis decaudata 
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Second examination July 11, 
about 10 months after emer¬ 
gence 

1 

Molt starting, specimen m 



jured and preserved 


- 

No sign of an approaching molt 

Outer cuticle separating at an 
terior and posterior ends 

{ 

Molt fairlv well tinder wav 


Nema in jw>or condition 
Preserved 


1 

Cntide separating at extrenu 

Lost 


ties of body 

No sign of appro u lung molt 

Outer cuticle sepirated at in¬ 
terior end 

Not examined 

i 

do _ 

i i 

fir, 

Completely molted 

v 1 

do 

Outer cuticle separated at e\ 



tremities of body 

<• 

do 

\o f examined 

10 

do 

Molt complete 


Third examination August fi, 
about 11 months after emer¬ 
gence 


Cuticle not ent'rely off 


Completely moiled Eggs not 
seen 

Completely molted Hid il 
ready dct>osited eggs Oldest 
embryos 6 to 8 days old 
T ost 

( omplotely molted Had not 
deposited egg?* probablv 
nearly reidv to do so 
Completely molted, deiwslted 
numerous eggs Oldest em¬ 
bryos 8 to 10 days old 
Lost 


The duration of the postparasitic larval stage of females is about 
9 to 11 months and, roughly, extends from September to July. This 
appears to be true for males also, although the time of their molting 
has not been carefully determined. 

THE NODAL SCAR 

The elements that constitute the node of the preparasitic larva 
form a plug to prevent the body contents from exuding after the 
caudal portion of the body is broken off. This structure persists as 
the nodal sear throughout larval development. It is a conspicuous 
anatomical feature while the larva is small but becomes increasingly 
less conspicuous as the larva grows, and is difficult to see in the post- 
parasitic larval stage. Its presence constitutes convincing evidence 
that no molt takes place during parasitic development. 

Immediately before the final molt, females have a yellowish or 
brownish tinge. The old cuticle first separates at the extremities oi 
the body, then breaks transversely a short distance posterior to the 
head, and the anterior and posterior portions come off over the head 
and tail respectively. In males, the yellowish tinge preceding the 
final molt is not so noticeable but the cuticle is shed in a similar manner 
and at approximately the same time as is that of the females 

ADULT STAGE 

At the time of the final molt both males and females are very 
opaque. This opaqueness is due primarily to the trophosome or fat 
body (modified intestine), which fills all available space in the body. 
This structure probably contains the reserve material for all future 
metabolism. As this reserve material is gradually consumed the 
body of the mermithid becomes less and less opaque, and when it is 
exhausted the animal dies. 
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In the case of these recently molted first-year females, oviposit ion 
begins nearly a year after emergence from the host, sometimes in 
July but usually during August, and continues until interrupted by 
cold weather. It is resumed the following June. 

Three gravid females were dug from the soil on November 27, 
and washed free of eggs. Each female, together with the accompany¬ 
ing males, was placed in a cavity between two disks of soil, and each 
pair of soil disks was placed in a tin box. The boxes were buried 15 
cm below the surface of the soil. From February until July these 
specimens were examined at intervals of about 2 weeks. Eggs were 
first seen on July 12, although it w T as believed that in all three cases 
egg laying had begun 10 to 12 days earlier. 

The foregoing experiment, corroborated by field observations, 
indicates that second-year females begin depositing eggs somewhat 
earlier in the summer than do recently molted first-year females. 
At the end of ttie second summer in the soil, females are very trans¬ 
parent and the trophosome is nearly exhausted. Experimental 
animals usually failed to survive a third winter; two that wore ree<>\- 
ered alive the following spring were in a nearly exhausted condition 
and seemed incapable of depositing more eggs. 

A female collected during the winter is surrounded by all the eggs 
deposited during the preceding summer. Egg counts w T oro made on 
six females by the following method. Each knot, together with the 
surrounding soil, was placed in a graduated cylinder, and water ^y as 
added to make 100 cc. After a thorough shaking, a 5-cc sample was 
removed; the eggs were counted and the total number computed. 
The totals were 2,025, 0,530, 5,420, 5,080, 4,780, and 3,430 respec¬ 
tively. As eggs are deposited during two summers, these values may 
represent about half the total output. 

in a former paper (2) it was pointed out that when females arc not 
permitted to copulate they do not deposit eggs. Virgin females, 
after remaining in the soil for as long as 14 months, oviposit when 
males are provided. In view of the prevalence of males, it seems 
unlikely that in nature females are often rendered unproducth e 
through lack of mates. Each female is usually accompanied by from 
2 to 4 males, and in one instance a knot was found composed of a 
female and 24 males. Occasionally 2 females will be found in the 
same knot, but such instance', are fare. 

As previously noted, second-year females do not usually resume 
egg laying until June. Females kept in the laboratory at room tem¬ 
perature deposit eggs at any time throughout the year. The sup¬ 
pression of egg laying during the wiijter seems, at first glance, to be 
a matter of temperature. However, moisture is probably also an 
important factor. If the soil in which ovipositing females are kept is 
moistened beyond a certain point egg laying stops. In experimental 
work considerable care must be exercised in regulating moisture if 
normal egg laying is to be maintained. In the vicinity of Palls 
Church, Va., Agamermis decaudata is confined to the so-called “bot¬ 
tom” lands. The soil in these localities is usually saturated with 
water throughout the winter and is frequently flooded for short 
periods. By June the soil usually has become sufficiently dry to be 
tillable. Under these conditions it seems probable that moisture is 
an important factor in retarding egg laying during early summer. 

. r >n;i36 :w — 
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SUMMARY OF LIFE CYCLE 

The following summary of the life cycle of Agamermis decaudata is 
based on observations made at Falls Church, Va. The grasshoppers 
referred to are ('ounce phal us breripenve and Alelanoplvs femur- 
rubntm , two of the commonly infested species in this locality. The 
different changes are indicated as taking place during certain periods 
at various times of the year. Although the outline as given is essen¬ 
tially correct, occasionally an individual may undergo a certain 
change before* or after the time indicated. A few preparasitie larvae 
enter hosts at least as early as April or as late as August, and the time 
of emergence is correspondingly affected. All males do not neces¬ 
sarily emerge during July nor all females during August. It is not 
known to what extent the life cycle may be changed when insects 
other than grasshoppers serve as hosts. 

August Knot a (tig to) is composed of one female Agamermis decaudata 
and M*\cral male's that emerged from their hosts 2 years previously. The female 
began depositing eggs ehirmg August of the* preceding year. Knot b is competed 
of one female and several malt's that emerged from their hosts 1 year previously 
and molted the preceding Juh. The female is now beginning to deposit eggs 
for the first time. Parasite's t>f the* present season, which would now be emerging, 
are omitted for the sake* of brevity. After these have emerged and bt*fe>rt* those 
in knot a ha\<* died there exist simultaneously in the seal mermithids of three 
ages. (irasshoppcrs arc* also depositing eggs, Mela noplus femur-rubrum in the 
soil and ('onoci f dial us hrtvt penm in the stems of plants. 

September and October. The' female mermithid in knot a and the one in knot b 
(fig. i:>) continue to deposit eggs, and by October several thousands have accu¬ 
mulated around each 

Xoeembt / and December. The females of knots a and b (fig. lf>) stop lay ing eggs 
with the ad\ent of cold weather. The mermithids in knot a have nearly ex¬ 
hausted their supply of stored food material and will not survive the winter. 

January nod February. An occasional egg from knots a and b (fig. 1(>) may 
hatch 

March and A pul A few eggs from knots a and b (fig. l(i) continue to hatch, 
the* number increasing slightly 

May. (irasshopper eggs begin to hatch during the latter part of the month. 
There* is an increase m the* number of Agamermis decaudata eggs which are hatch¬ 
ing, and the* infestation of nymphs begins. 

,/utn. The remaining eggs in knots a and b (fig. 17), which comprise a very 
large percent age* of those present the preceding autumn, now hatch. The larvae 
migrate to the surface of the soil, then seek out and enter the young grasshopper 
nymphs, probably climbing the vegetation while it is wet with dew or rain. 

Eggs are hatching which have* been deposited by females of two ages, namely, 
the female a, which emerged about HI months previous and is now dead, and the 
female* b , which emerged about 19 months previous and which will continue to 
deposit eggs throughout the* summer. 

July. —The eggs in knots a and b (fig. 17) have all hatched and the period of 
infestation is o\er except for an occasional belated infestation. The female in 
knot b now resumes egg laying, not having deposited eggs since the previous 
November. 

August - Uninfested grasshoppers are now depositing eggs. Larval male 
mermithids are emerging from their hosts and entering the soil. 

September - Larval female mermithids are emerging from their hosts and 
entering the soil. 

October The female in knot b (fig. 18) continues to deposit eggs. Newly 
emerged males (r, d l) and females (c, 9 ) form separate knots in the soil. 

X nr ember and December The female in knot b (fig. 19) stops laying eggs; she 
is now surrounded by several thousand eggs. 

January and February.- -An occasional egg from knot b (fig. 19) may hatch. 

March and April.-—*E ggs from knot b (fig. 19) continue to hatch, the number 
increasing slightly. 

May.- (irasshoppcrs now l>egin to hatch. The eggs from knot b (fig. 20) 
hatch in increasing numbers and the infestation of nymphs begins. The mermi- 
thids in knot b are dead. 
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JutK The remaining eggs from knot b (fig. 20) now hatch, and the infestation 
of grasshopper nymphs takes place as during the previous June. The more 
recently emerged postparasitic larvae (c, d\ and c, V ) are preparing to molt and 
males have joined or are about to join the females. 

Julif. The female and males in knot c (fig. 20) are now molting and the female 
will begin to deposit eggs during August. 

SUMMARY 

Mennithicls are common nematode parasites of many insects. 
Agamermis decaudata , a parasite of grasshoppers and some other 
insects, is found throughout the northeastern part of the l T nited 
States, southward to Virginia and westward to Nebraska. The 
present paper is based on studies made at Falls Church, Va. 

The adults of this parasite occur in the soil, where eggs are deposited. 
Hatching takes place between late June and mid-July. Larvae 
migrate to the surface of the soil, climb the vegetation, and enter the 
body ca\ity of recently hatched grasshopper nymphs by penetrating 
the body wall. The parasites remain in the host from i to 3 months 
and complete their growth. They then emerge by forcing their way 
through the body wall and enter the soil. Molting takes place the 
following summer and females begin depositing eggs. 

Infested grasshoppers are retarded in their development and 
females are usually rendered sterile. The emergence of the parasite 
causes the death of the grasshopper. The morphological develop¬ 
ment of the parasite is discussed. */ 
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CHROMOSOME DIFFERENCES IN A WHEAT-RYE 
AMPHIDIPLOID 1 


B\ V. H. Florkll j 
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Plant Industry, Vnited States Depart mud of Agricultuu 

INTRODUCTION 

Plant hybrids that contain the diploid chromosome complement 
of the parents have been described in recent years by a number of 
investigators. They occur rarely and are produced in combinations 
which usually are highly infertile or self-sterile in the Fj generation. 
Some investigators have designated such hybrids as “umphidiploids" 
to call attention to the presence in one plant of both parental chromo¬ 
some sets in the diploid condition. Others, principally the Russian 
workers, have called them “balanced hybrids” to emphasize the paired 
or balanced condition of the chromosome elements. 

Most of the known amphidiploids have been produced from inter¬ 
specific and intergeneric artificial hybrids. They are of special 
interest to geneticists and cytologists on account of the light they 
shed on methods of species formation and also on account of their 
possibilities for plant improvement. 


LITERATURE REVIEW 


Meister (.ip first reported in 1927 the di‘«o\ery bv his associates 
and himself of a fib-chromosome wheat-rye amnhidiploid. 

TjumjakofT (.9) mentioned the probable polyploid nature of the 1 
hybrids, and Meister (4, jig. t>) showed a spike of this unusual type 
of wheat-rye hybrid, stating that it was apparently of tetraplnid 
make-up. 

Meister (5) gave a botanical description of the Saratov wheat-rye 
amphidiploids and designated the now species combination as Inti- 
nuu secalotricuni mratoriense Meister. 

The polyploid nature of these constant, fertile or partially fertile 
hybrids was determined by the cytological investigations ol Levitsky 
and Renetzkaia (2). They found in the somatic cells of the hybrid 
f>b chromosomes and in the gametic (‘ells 2X chromosomes. The 
somatic number given was established for nine indiv id 11 a Is ol the 1%, 
F f) , and F 6 generations in three different families. 

In this material they observed both normal and irugular chromo¬ 
some behavior in the meiotic divisions. In some division figures Irom 
tw T o to six or more lagging univalents were found. The univalents 
afterward split longitudinally, sometimes with irregular scattering of 
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chromosomes over the spindle. Chromosome elimination into the 
plasma was observed, also complete disintegration of amorphous 
elements, such as microcytes, cell fragments, etc. 

Judging by the number of lagging chromosomes, Levitsky and 
Benetzkaia estimated that probably at least 50 percent of the pollen 
grains contained an increased number of chromosomes (more than 
2K), yet all of the parental plants examined had 50. They conclude: 

Thus it remains to suppose that these normal gametes, having arisen from normal 
illusions, lea\e behind with their pollen tubes all other gametes with deviating 
chromosome numbers * * *. 

The formation of amphidiploids is believed by these authors to 
result from “apogamous development of the ovule in F].” 

Tjumjakoir (10), in a study of the fertility of these wheat-rye 
hybrids of balanced type, found in each of two lines that the average 
number of kernels per spikelet in normal spikes was 1.2. The 
following year the average number of kernels per spikelet of the F 4 , 
when sown in pots, was 0.9. In the former this would be a fertility 
of about 50 to 00 percent for the common wheats under average 
conditions. 

A brief description of the plant characters and of certain chromo¬ 
some differences in an artificially produced wheat-rye amphidiploid is 
reported herein. 

MATERIAL AND EXPERIMENTAL DATA 

An individual plant head of a wheat-rye hybrid having the hairy- 
neck rye character was obtained from the Arlington Experiment 
Farm, near Washington, 1). (\, in the winter of 1930. This hybrid 
had been under obseivation for a number of years by J. W. Taylor, 
who made the original wheat-rye cross, the backcrosses, and the 
selection. 

The origin of this amphidiploid was indicated by Taylor and 
Quisenberrv (S) in a report on the inheritance of rye crossability in 
wheat hybrids. Purplestraw wheat was crossed with Abruzzes rye 
in 1923. The F, was backcrossed to Purplestraw, producing two 
seeds from more than 1,000 pollinations. The progeny of one of 
these seeds, consisting of 10 plants, was backcrossed with rye Only 
two of the 20 Fj hybrid plants from backcrossing with rye dehisced 
and one of those produced a single selfed seed. Taylor and Quisenberry 
state: “From this seed originated a so-called nonsegregating line 
intermediate between wheat and rye” (#, p. 150). 

Plants from this amphidiploid were grown in the agronomy garden 
of the Fniv ersity of Idaho for 2 years. In both years they were low 
in vigor at the beginning of the growing season, but before the end of 
the season they developed into fairly vigorous plants, which in most 
characters were intermediate between the parents. 

The leaves and culms were faintly to definitely purple in the early 
stages of growth. The.mature plants were mid-tall with weak to 
mid-strong culms and with the upper peduncles hairy. The kernels 
were red, mid-sized to large, mid-long to long, slightly shriveled to 
medium plump, and somewhat resembled rye. The fertility was low r 
to medium, the set of seed being comparable to that of the amphi¬ 
diploid reported by Meister (J). * 
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A small sample of seed of one of the Saratov selections was obtained 4 
for seeding at Moscow, Idaho, in 1932 and 1933 This amphidiploid 
was more vigorous than the one obtained from Arlington farm. At 
maturity the spikes contained many empty florets. 

Root tips from the Arlington farm amphidiploid were obtained by 
the writer from plants grown in the greenhouse These were em¬ 
bedded in paraffin and taken to the University of Idaho, where the 



1 k.lri* l Caim»rH 1 licit la thawings showing two somatit n eta phase platcsjif I mphstntw wheal y 
Abru/7es rje amphidiploid (In %) / lboiit 1,175 . 

cvtologieal study of the material was made in 1931. S Xaxashin’s 
chrom-aeetic-formalin was used as the killing and fixing agent and 
Heidenhain’s haematoxylin as tlie stain. 

The chromosome number of the somatic cells was found to he ofi 
founts were made on 6 cells; 5 had 56 chromosomes, and 1 had 5S. 
The general shape and comparathe size oi these chromosomes are 
fchown in figure 1. It was not possible to distinguish between the 
wheat and the rye somatic chromosomes. . 

In 1933 pollen mother cells of the amphidiploid were examined by 
■Belling’s aceto-carmine method. Counts were made on a number of 

4 Through the oourtesj of K F Gaines, cerealist, of the Washington \gricultura! Fx|erinient Station 
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different cells at first metaphase, and all were found to contain 28 
chromosome pairs. Three polar vhws of first metaphase plates are 
shown in figure 2 The chromosome numbei indicated thus agrees 
with that lound m the root tips 

Certain chromosome type differences were noted in the first meta¬ 
phase of some pollen mother cells, whereas none was found in the 
somatic cells In countable cells a number of large bent chromosomes 
usually were found scattered along the edges or outside of the more or 
less well-defined, centrally located group of typical bivalent chiomo- 
somes l’p to se\ en ot these large, light-staining bolder chromosomes 
were found in some cells and they probably were those of rye It is as- 



lu.i hi> 2 ( nil writ lu< idn drawings of 4 mciotic division meliphusc plates of It Purplcstraw wheut 

\ \ ruyros rvc ainphidiplonl (v about 1 (KKi) i i quatorml vuw of first metaphase plate showing 
typical arrangement of tlie wheat bivalents with the large ru chromosomes (here bunded) at the edges 
or outside of the wheat group H Polar view of heterotypic inetaphase i>latc Note the b large thro 
mosoiues at the borders (?« = 21 11 W +7 UK) ( Polar view of heterotypic metaphase plate Note 
the 7large l*ent-b< idei chroniosomes («~21 11 W +7 11 R > !> Polai view of heterotvj c metaphase 

plate Note' \ or 4 large Itent chromosomes it the plate border («*2h II ) 


sumed in the follow ingdiscussion that the large chromosomes were those 
of rye and the smallei chromosomes were those of wheat In pre\ious 
work with wheat V rye hybrids this tendency for the rye chromo¬ 
somes to retreat to the edge or outside of the main gioup hail been 
observed (/) This behavior apparently is due to incompatibility 
between the two sets of chromosomes as a result of their genetic 
differences Figure 2, (\ shows seven large light-staining bent- 
border chromosomes The two large straight ones at the right 
represent wheat chromosomes, the ends of which evidently had been 
pressed flat by the cover glass Figure 2, *1, R y and C, shows large 
bent-border chromosomes in \arying numbers. 

The wheat bivalents were somewhat smaller than the rye bivalents, 
usually more or less constricted at or near the middle, sometimes with 
a faint longitudinal line indicating the line of union of the paired 
chromosomes They also stained more deeply. * Some of the rye 




Feb M936 Chromosome Differences in a Wheat-Rye Amphidiploid 203 


bivalents were shaped like those of the wheat but were larger and 
absorbed the stain less ieadily; others were larg^ and curved, some¬ 
times showing the heterotypic (or homeotypic) split and were also 
definitely lighter staining. These chromosome types are shown in 
figure 2, B y C, and D. 

Some of the large lighter stained border chromosomes were banded 
transversely. These bands were dark red and opaque in contrast to 
the lighter red areas between them. One banded chromosome is 
shown in figure 2, B } and another in C. Other banded chromosomes 
were present in C but are not shown. Figure 2, A } shows an equatorial 
wew of a metaphase plate having 4 of the large border chromosomes, 
all banded, 1 of which is outside the equatorial plate. 

DISCUSSION 

The differences noted in staining reaction between the heterotypic 
chromosomes of wheat and rye may be explained partly by variable 
stages of development in the two types and partly by variations in 
composition. The differences observed among the rye chromosomes in 
some cells might result from variations in the rye chromosomes them¬ 
selves, i. e , those possessing the greatest affinity for wheat chromo¬ 
somes might be expected to resemble wheat most closely in staining 
reaction. 

Sax (7) presents a reproduction of a photomicrograph of meiotic 
chromosomes of Secale cereale (his fig. 1), which shows the transversely 
barred or “banded” appearance seen by the writer in what he believed 
to be the rye chromosomes of the Arlington wheat-rye amphidiploid 
The stage at w r hich this condition may be seen presumably is the late 
first prophase of the heterotypic division. 

Previous experiments with interspecific crosses in plants have shown 
that somatic gametes may be produced, as was first demonstrated by 
Rosenberg (6*) in Flieracivm sp. The occurrence of somatic gametes 
in Fx wheat X rye hybrids was shown by the writer (/) in the produc¬ 
tion of 49-chromosome plants upon backcrossing to the wheat parent 
This means that some of the gametes (ovules) of the Fj hybrid had 2S 
chromosomes. The probable cytogenetic origin of the Arlington 
Farm amphidiploid is suggested by its history. It was produced by 
crossing a wheat X rye X wheat plant with rye. It is reasonable to 
suppose that somatic gametes (ovules) also may be formed in a 
49-chromosome plant, which when crossed with rye pollen will com¬ 
plete the diploid chromosome complement of the rye and thus produce 
an amphidiploid (zygote). 

Judging by the proportion of sonlatic gametes (3 out of 10) found in 
Fx wheat X rye hybrids which the writer (/) determined in the Fj back- 
cross to wheat, it is possible that wheat X rye X wheat somatic 
gametes also may occur not too infrequently, so that the production 
of amphidiploids of the wheat-rye type would be greatly facilitated 
by crossing the backcross to one parent with the other parent. 

SUMMARY 

A constant wheat X rye hybrid, bred and selected byJ. W. Taylor 
at the Arlington Experiment Farm, near Washington, D. C., in 1925, 
was found by the writer to be an amphidiploid. Fifty-six chromo- 
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somes were found in the root tips and 28 pairs in the pollen mother 
cells. 

Wheat and rye chromosomes could not he distinguished in the so¬ 
matic cells. In the pollen mother cells at first metaphase the rye 
bivalents were found to he larger than those of the wheat, in most 
cases they were less deeply stained, some were handed transversely, 
and all had a strong tendency to arrange themselves at the border or 
edge of the chromosome group. 

This amphidiploid resulted from a cross of wheat X rye X wheat X 
rye, which makes it probable that somatic gametes were involved in 
its origin both in the F\ wheat X rye hybrid and in the Fj wheat X 
rye X wheat backcross. 
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PHYTOPHTHORA ROT OF SUGAR BEET' 


IU (\ M Tompkins, assistant plant pathologist, California Agricultural Exptri- 
ment Station, formerly assistant pathologist, Division of Sugar Plant lnvisti- 
gations, Crnted States Department of Agnculturi , H L. Richards, plant patholo¬ 
gisty Utah Agricultural Experiment Slalimiy (\ M Tucker, plant pathologisty 
Missouri Agricultural Experiment Station, and M. W. Gardner, plant patholo¬ 
gist, California Agricultural Experiment Station 

INTRODUCTION 

Phy tophthora root rot of sugar beat (fig. 1), caused by Phytophthora 
(Irechsleri Tucker, was first noted in 1927 in the Cache Valley of north¬ 
ern Utah, causing most severe dam¬ 
age in an area about 18 miles in 
length between Smithfield and 
Wellsville. In 1928 and 1929 the 
disease was also found in the north¬ 
ern part of the Cache Valley in south¬ 
ern Idaho and near Ogden and Provo, 

Utah, and Rifle and Carbondale, 

Colo. During 1932 to 1934 the dis¬ 
ease was found in the Sacramento 
Valley and delta section in Califor¬ 
nia. J Tests made in 1927 and 1928 
showed that the root size and sugar 
content of the sugar beet are reduced 
asa result of the disease. The present 
paper presents the results of a study 
of the disease, commenced in 1927. 

DISEASE FAVORED BY WET SOIL 

In Utah the disease was con¬ 
fined mainly to the heavier, poorly 
drained Trenton clay soils in Cache 
Valley, although small areas of 
infection were found in low places 
in sandy loam soil. In the first 
field in which the disease was found, 
plants growing on a ridge elevated 
1 \i to 2 feet were free from the dis¬ 
ease, while a high percentage of the 
plants in the rest of the field were 
diseased (fig. 2, B). The saint 
condition was found in this field 
during the two following seasons (1928 and 1929). 

In California the disease has been found only where irrigation 
water has accumulated and where the soil has been excessively wet at 

1 Received for publication Aug 1935, issued March JIM Joint contribution from the Division 
of Sugar Plant Investigations, Bureau of Plant Industry, V S Department of Agriculture the Department 
of Botany and Plant Pathology, Utah Agricultural* Exjierinient Station, the Department of Botany, 
Missouri Agricultural Experiment Station, and the Division of Plant Pathology, California Agricultural 
Exjierunent Station 

2 Titker, C M Tiie distribution ok the okni s i*hvtophthora Mo Agr Kxpt Sta Research 
Bull 184, 80 pp ]«33 (Seep \n 
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f lot Hit 2 — 4 Longitudinal section of an advanced case of Ph> tophthora rot showing tassellike mass of 
\ascular strands at basal end of the root B, portion of held near Logan Utah, October 1929 showing the 
se\ erity of the disease, the leaves having wilted and most of the plants having been killed C longitudinal 
section of diseased root from field in l tah showing blackish brown band of tissue at the sharply defined 
advancing edge of the citrine-drab, v ater-soaked infected tissue D cross sections of field infected roots 
showing the black line at the irregular margin of the infected tissue^/ cross section showing cavities 
formed within the infected tissue and sunken nature of the external surface of the lesion 
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some time during the season. It is generally recognized by growers 
as a trouble associated with excess soil moisture and is sometimes 
called wet rot or water rot. 

In an irrigation experiment carried out in 1929 in the field in the 
Cache Valley where the disease was first found, three well-separated 
plots of 2f> rows each were given different amounts of irrigation 
water. All plots received an irrigation 1 week after thinning, after 
which plot A recei\ed a light irrigation in furrows once every 2 weeks, 
plot B, every 3 weeks, and plot C, every 4 weeks. In plot A, the most 
heavily irrigated, 67 percent of the plants were infected, in plot B, 
42, and in plot C, 15 percent. This indicates clearly that the more 
frequent irrigation favored infection, and that proper irrigation 
practice should control the disease. 


EFFECT OF PHYTOPHTHORA ROT ON YIELD AND SUGAR CONTENT 


Approximately 500 acres of beets were infected in varying degree* in 
the southern half of Cache Valley in September 1927. In many 
fields, the number of healthy plants was so reduced that the yield did 
not defray the cost of harvesting. Losses ranged from a trace to 90 
percent in individual fields. By count, 00 percent of the plants in one 
field presented unmistakable symptoms. Diseased plants occurred 
singly or in groups interspersed among healthy plants. Various 
stages of rotting of the root, accompanied by different degrees of 
wilting of the foliage, were exhibited, but for the most part advanced 
symptoms predominated. 

More detailed surveys in 192S and 1929 showed that in excess of 1,000 
acres of land were more or less infested. Heavy losses were frequently 
met with on new land, plowed and planted for the first time. Many 
diseased roots, from which the fungus was isolated, were found in fac¬ 
tory yards throughout the Cache Valley, 1 to 2 months after digging. 

Preliminary tests in 1927 and 1928 showed that the disease reduced 
root size and sugar content. In August 1929 a representative area 
was selected for sampling in each of four fields in the Cache Valley. 
Healthy and diseased beets were dug, in ns close proximity as possible. 
Diseased beets having more than half of the root rotted were dis¬ 
carded. The samples w f ere weighed and analyzed in the laboratory 
of the sugar factory. The results are presented in table 1. 


Table 1 .— Effect of Phgtophthorn rot on weight and sugar content of sugar beets in 
fields in Utah, Aug. 21, 1929 1 


i 

i 

( Location of field 
| liOgnn 

Field 1 

| Field 2 

Field 3 
Stm thfield 


Condition 
of beets 


iHealthj 
< Diseased 
I do 


I do 
I/Healthy 
^Diseased 
/Healthy 
Diseased 


(Healthy 

’Diseased 


1 

Average . | 

1 IteeA 

weight .sugar 

l 

1 

j>er beet ! 

1 1 


Xu mher Gram* \ Percent 


12 

551 

5 | 

13 

5 

25 
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4 

7 

5 

25 

140 

a 

. r > 

3 

12 

432 

9 1 

15 

H 

25 

132 

4 1 

9 

9 

25 

159 

J 

10 
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20 

419 

r> 

15 

H 

20 . 

201 

3 

11 

2 

20 

544 

3 

17 

0 

30 | 

2% 

5 1 

11 
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Turin * 


Percent I 
H2 4 
59 S 
47 H 
H4 H 
M l 
63 4 
H5 1 
72 4 
Hi 1 
72 1 


' Analyses were made in the chemical laboratory of the Amalgamated Migur Co T 

1 ^ oemeient of purity is the ratio between the percentage of total solids and the percentage of sugar 


The average weight of the healthy beets was more than twice that of 
f he diseased beets. The sugar in the diseased beets ranged from 5.3 
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to 11.6 percent, as compared with 13 f> to 17.0 percent in the healthy 
beets. The purity of the juice of the diseased beets ranged from 47.8 to 
72.4 percent, as compared w ith 82.4 to 85.3 percent for the healthy beets. 

Subsequent tests of the juice of samples of diseased beets collected 
during the remainder of the season from these and other fields gave 
even a greater reduction in sugar content and in purity so that at 
harvest the differences between healthy and diseased roots were 
even more striking. 



Hc.i hi 3 I, ¥ i\e-dft\>old culture of I J hytophthnm drechnUn on prune nu«r pll 4 7, lit 2X°C H, longi 
tudinal section of field infected root slum in? lateral lesions, some at the bases of the rootlets 


SYMPTOMS OF THE DISEASE 

III the early stages of the disease the leaves may wilt during the 
day and recover at night. Later, permanent wilting occurs and the 
plant is killed (fig. 2, B) Generally, infection occurs near the basal 
part of the root and the invasion progresses gradually upward invok¬ 
ing all tissues of the root (fig. 1 and fig. 2, C, E). In roots inoculated 
in the laboratory, the affected tissues remain fairly firm and turgid 
(fig. 2, O, but under field conditions the affected parenchyma at the 
base of the root may soften and disintegrate, leaving only tlie vascular 
strands. This gives a frayed, tassellike, skeletonized appearance to the 
basal part of the fleshy taproot (fig. 2, ^1). Secondary or adventi¬ 
tious lateral roots often develop abo\e the invaded region of the 
taproot and an ill-shaped, pronglike root is thfc result. 

Often lesions first arise on the sides and sometimes near the upper 
part of the taproot (figs. 2, l) and 3, B ). Infrequently,infection occurs 
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at the tips or along the sides of the lateral roots or rootlets, with 
subsequent invasion of the taproot around the base of the infected 
lateral root or rootlet (fig. 3, B). 

The lesions vary in size and shape and sometimes the entire root is 
involved. The predominant external color of the lesion ranges from 
the mummy brown to light seal brown of Ridgwav,* tending toward 
blackish brow r n at the center. 

When the root is cut, the infected tissues are found to be sharply 
delimited from the healthy tissues (fig. 2, A, (\ D). Generally, color 
zones are visible in the lesion. The tissues first infected are deep 
brownish drab; 3 the central parts of the infected region are water - 
soaked and citrine drab to smoke gray, or buckthorn browrn, or light 
buff to mummy brown; and the recently infected tissue at the advanc¬ 
ing edge of the lesion as viewed on the cut surface is composed of a 
narrow' band of blackish brown, sometimes separated from the healthy 
tissue by a narrow band of light buff (fig. 2, (\ 1)). In the early stages 
the vascular bundles are conspicuous and light seal brown in color, 
but later this distinction may he lost. In the final stages the tissues 
are blackish browrn (fig. 2, .1). Small pockets or cavities are often 
formed (fig. 2, R) but are not filled with mycelium as in dry-rot 
canker caused by Rhizodonia solani Kuhn. 

Microscopic examinations of stained sections of tissue from field- 
infected roots as well as roots inoculated in the laboratory show that 
the mycelium is, in general, intercellular, although certain cells are 
tilled with mycelium. There was no evidence of any dissolution of the 
middle lamella. 


ISOLATION OF THE CAUSAL FUNGUS 

The causal fungus was readily isolated on prune agar, and usually 
pure cultures were obtained from tissue plantings from the advancing 
edge of the lesions. Isolations were made from more than 300 roots 
collected in 20 fields in Utah in 1027 and 1928. In not a single 
instance were other fungi or bacteria obtained (table 2). Good grow th 
developed at 28° C. within 30 hours. The fungus was also isolated 
from infected lateral roots and lateral rootlets. Attempts to isolate 
the organism from healthy tissues of a diseased root, as well as from 
w ilted and turgid petioles and leaves of diseased plants, gave negathe 
results. The same fungus was isolated from diseased roots collected 
in subsequent years in Utah, and in 1932 in the Sutter basin and delta 
section in California. 

Table 2. — Isolations of Phytophthora dreshslcrt from distant d sugtn-bttl tools in 

( r tah 





Roots 


Location of field 

Date of isolations 

Roots 

yielding 
V firrch v- 

No 

grow tli 




Im 


Logan 


Number 

Nu mbrr 

Nit rnber 

Field 1. 

Aug. 3, 1927. .. 

50 

43 

7 

Field 2. 

Sept. 5, 1927... 

3(1 

20 

4 

Field 3. 

Aug. 22, 1928... 

132 

94 

38 

Field 4. 

Aug. 8, 1929_ 

100 

87 

13 

Smithfield.,_ 

Aug. 23, 1928... 

50 

40 

10 

Total.. 


302 

290 

72 


J Kiduway, K. color standard# and color NOMENri.ATr rf. 43 pp. t illus. Washington, D. (’. 1**12 
5333G- 30-* 
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THE CAUSAL FUNGUS 

The causal organism was identified as Phytophthora drechsleri 
Tucker. 4 In young cultures on potato-dextrose agar the fungus 
developed a moderate amount of aerial mycellium with no reproduc¬ 
tive organs, and on moist corn meal a white cottony mass of mycelium 
was present after 2 weeks. On prune agar the fungus produced a 
delicate, moderately dense mycelium with scant aerial growth (fig. 3, 
A ). The fungus grew luxuriantly on oatmeal agar slopes, filling the 
space between the slope and the wall of the tube w T ith a densely 
matted, tough, white mass of hvphae, but failed to develop reproduc¬ 
tive bodies after 25 days at room temperature and produced only 
occasional oogonia after 2 months at 15° to 20° 0. The hyphae were 
usually smooth and uniform in diameter, but occasionallv they were 
gnarled and swollen, sometimes with tuberlike or vesicular growths, 
especially in old potato-dextrose agar cultures (pi. 1, 7), E). 

Oogonia with amphigynous antheridia developed sparingly in 
potato-dextrose agar cultures incubated 2 months at 15° to 20° C. 
They were thin-walled, hyaline to yellow or light brown, spheroidal 
with a narrow stalk completely enclosed by the antheridium (ph ], O- 
The oogonia 'varied in diameter from 27.2 m to 44m, averaging 35.8/z. 
The antheridia were borne on slender hyphae smaller than the usual 
\egetative strands. They were generally 10 m to 14 m in diameter and 
often distorted by pressure on the oogonium. The antheridium formed 
a collar around the oogonial stalk and was closely oppressed to the 
inflated portion of the oogonium where it remained until the oogonium 
disintegrated (pi. 1, C). 

The oospores de\eloped singly in the oogonia. They were smooth, 
thick-walled, yellow to light brown, spherical, only partially filling 
the oogonial cavity (pi. 1. C) In old cultures the oogonial wall 
became crumpled and finally disintegrated, liberating the oospore. 
The oospores were 23.0m to 35.2m in diameter, averaging 28.0m. 
Germination w r as not observed. 

When tufts of mycelium from oatmeal-agar cultures 3 weeks old 
were transferred to Petri’s solution sporangia developed after 2 days. 
The sporangia were hyaline to faintly yellow r , thin-walled, obpvriform, 
acrogenous on slender sporangiophores, nonpapillate but provided 
with a hyaline lens-shaped thickening at the apical end, 24m to 56m by 
22.8m to 40m, averaging 38.6m by 20.7m (pi. 1,^1). Germination occurred 
by germ tubes or by the development of a variable number of motile 
zoospores, 10 m to 12 m in diameter, which were fully differentiated 
within the sporangium. The lenticular thickening in the apex of the 
sporangium was pushed out or dissolved and the zoospores escaped, 
soon became quiescent, rounded up, underwent thickening of the 
wall, and finally germinated by a slender germ tube, the usual type 
of development among species of Phytophthora. Following zoospore 
discharge, the sporangiophore often resumed growth, pushing through 
the base of the evacuated sporangium and growing out through the 
apical aperture (pi. 1, B). A new sporangium was often formed just 
beyond or occasionally within the old w r all. Sometimes the process 
was repeated, leaving the walls of two evacuated sporangia enclosing 
the sporangiophore bearing a sporangium at the tip. 

< Tucker, C. M taxonomy of tew genus phytophthora de «ury. Mo. Act. Expt. Sta. Ftnooroh 
Bull 153, 208 pp., Ulus. 1931. (See p. 188.) 




Phytophthora drechslen, '1 ucker 1, Nonpapillate sporangium, with a rofrmgent lens-shaiwl thickomng at 
the apex, developed on hyphae from an oatmeal agar culture after l days in Pttri s solution, X 430 B, an 
empty sporangium with the sporangiophore emerging from the onhce following resumed proliferation 
subsequent to discharge of the contents of the sporangium, X 430, C, at the loft, oogonium, oospore, and 
anthendlum and, at right, oogonium and autheridium, prior to the development of the oospore, the 
anthendium forming a collar around the narrow oogomal stalk, X410 J) and h, gnarled ami fubereulati 
hyphae from a potato dextrose agar culture 2 months old 
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Tufts of mycelium transferred from oatmeal agar to a nonsterile 
soil suspension developed sporangiophores bearing typical nonpapil- 
late sporangia, measuring 30m to 48.8/x by 17.2 m to 36.8m, the average 
dimensions being 36 m by 26 m, very similar to those developed in Petrrs 
solution. Sporangia developed in 24 hours and more abundantly than 
in Petri’s solution. Mehrlich, 6 using a similar procedure with hvphae 
of Phytophthora cinnamomi Rands grown in a nutrient broth, ob¬ 
tained papillate sporangia instead of the usual nonpapillate type. P. 
drechsleri developed sporangia sparingly in sterile beet-leaf decoction. 

No well-differentiated chlamydospores were produced, but thin- 
walled, hyaline, frequently clustered, swollen vesicles of irregular size 
and shape usually appeared in old potato-dextrose agar cultures. 
These vesicles were not so abundant or so well developed as in cultures 
of Phytophthora cinnamomi. 

The amphigynous antheridia and nonpapillate sporangia permit 
placing the fungus in the group of species which includes Phytophthora 
erythroseptica Peth., P. cryptogea Peth. and Laff., P. richardiae 
Buism., P. civvamomi Rands, P. cambivora (Petri) Buism., and P. 
drechsleri Tuck. One of the authors 6 has shown that of this group 
P. drechsleri alone will grow at 35° C., and Leonian 7 reported growth 
at 37°. The beet-root fungus grows well at the former temperature. 
In morphological characters the fungus agrees quite closely with the 
description of P. drechsleri , 8 and in general growth characters cannot 
be distinguished from the type culture. Leonian indicated that P. 
drechsleri would be merged with P. palmivora Butl. should the genus 
be reduced to the three species he considers valid; however, he recog¬ 
nized differences in that P. drechsleri fails to form chlamydospores 
and produces nonpapillate sporangia while P. palmivora develops 
chlamydospores and papillate sporangia. The resumed growth of the 
sporangiophores through evacuated sporangia frequent in P. drechsleri 
and the other species here grouped with it has not been observed in 
P. palmivora and may be considered a rather important morphological 
character tending to warrant the continued separation of the two 
species. Drechsler 9 observed nonpapillate sporangia and resumption 
of growth of sporangiophores through empty sporangia in P. mega - 
sperma Drechsler. His report and the observations of the writers on 
this species indicate that it may be separated from the group of 
species including P. drechsleri by its early and profuse production of 
oogonia and oospores in culture, and by its numerous paragynous 
antheridia. Amphigynous antheridia have been reported for P. 
drechsleri and the species here grouped with it. The observations of 
the present writers on cultures of thesp species show that paragynous 
antheridia are rarely, if ever, present. 

The only previous record of Phytophthora drechsleri is that of the 
type 10 isolated by Drechsler from a rotting potato tuber from Idaho. 
The isolation of this species from sugar beets in Utah and California 
extends its host and geographic distribution. Transfers of the cul¬ 
tures studied have been deposited in the Centraalbureau voor Scliim- 
melcultures. 


• Mehrlich, F. P. nonsterile soil leachate stimulating to zoosporangia production by phy 
tophthorasp. (Abstract) Phytopathology 24 1139-1140 1934. (Phytopath, note) 26: 432-436. 1936. 
•Tucker, C. M. See p. 119 of citation mentioned in footnote 4 _ . n „ 

7 Leonian, L. B. identification of phytophthora species W. Va Ajcr. Expt Sta. Bull. 2oz, 30 pp., 
illus. 1934. 


* Tucker, C. M. See footnote 4. 

• Drechsler, C. a crown-rot of hollyhocks caused by phytoththora megaspirma n. sp. 
Wash. Acad. Sci. 21: 613-526. illus. 1931. 

13 Tucker, C. M. SeeCfootnote 4. 
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TEMPERATURE RELATIONS OF THE FUNGUS IN CULTURE 

The relation of temperature to growth of the mycelium was deter¬ 
mined for two cultures, one from Utah and one from California For 
this purpose, large test tubes 20 cm in length, provided with a darn at 
the open end, made by heating the glass and indenting one side, were 
used. Prune agar (15 cc) of pH 4.7 was placed in each tube and al¬ 
lowed to solidify with the tube in a horizontal position. The dam 
prevented the escape of the melted agar. 

These tubes w T ere inoculated near the mouth with small squares of 
prune agar with mycelium from Petri-dish cultures 5 days old. After 
an initial exposure at room temperature (20° to 23° C.) for 24 hours, 
the position of the advancing edge of the colony was marked with a 
wax pencil on each tube, anti three tubes of each culture were placed 
in a horizontal position in thermostatically controlled, electric incu¬ 
bators at 5°, 8°, 12°, 10°, 19°, 22°, 25°, 28°, 31°, 34°, 37°, and 40°. 
The daily growth of the mycelium beyond the wax-pencil mark was 
measured. 

There was no marked difference between the Utah and California 
cultures. No growth occurred at 3°, or at 37° or 40° / (\ The aver¬ 
age daily growth at S° was 2.3 mm; at 12°, 5 mm; at 10°, 0.0 mm; at 
19°, 7.3 mm; at 22°, 7.7 mm; at 25°, 9.0 nun; at 28°, 10.0 mm; at 31°, 
10.0 mm; and at 34°, 8.7 mm. In another test on corn-meal agar in 
Petri dishes, the average diameter of the colony after 90 hours was 
44 mm at 20°, 48 mm at 25°, 54 mm at 30°, and 49 mm at 35°. The 
lowest temperature for growth, therefore, is between 3° and 8°, the 
optimum, 28° to 31°, and the maximum between 35° and 37°. These 
characteristics, particularly the tolerance of high temperatures, are 
in agreement with those reported by Tucker 11 for the type culture. 

RELATION OF HYDROGEN-ION CONCENTRATION TO GROWTH OF 

THE FUNGUS 

Prune agar, adjusted to different pH values between pH 3.0 and 
pH 8.4 and placed in the large test tubes as previously described, was 
used to determine the relation of hydrogen-ion concentration to the 
growth of the fungus. The cultures were incubated at 28° C., and 
the daily grow th increments over a period of 12 days w ere measured. 

(iood growth occurred at all the pH values tested, varying from 7.6 
mm per day to 12.7 mm per day, with no indication that the limits 
of hydrogen-ion or hydroxyl-ion tolerance were being approached. 
The daily rate of growth at pH 3.6 was 8.3 mm; at 3.9, 9.6 mm; at 
4.2, 12.7 mm; at 4.5, 9.9 mm; at 4.8, 10.0 mm; at 5.1, 10.0 mm; at 
5.4, 9.7 mm; at 5.7, 10.2 mm; at 6.0, 9.9 mm; at 6.3, 10.2 mm; at 6.6, 
10.5 111 m; at 6.9, 9.8 mm; at 7.2, 10.0 mm; at 7.5, 8.3 mm; at 7.8, 7.6 
mm; at 8.1, 10.6 mm; and at 8.4, 10.7 mm. 

INFECTION OBTAINED ON WOUNDED AND UNWOUNDED PLANTS 

IN THE FIELD 

For preliminary field tests in Utah in 1927 healthy vigorous plants 
were selected, and the soil w r as carefully excavated from one side of 
each root on August 15. The exposed side of the root was wiped with 
w T et. cotton and then with alcohol. In one series of inoculations, punc- 

11 Tucker, CM See p 189 of citation mentioned in footnote 4. 
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tures were made with a flamed needle well below the middle of the 
fleshy taproot, and mycelium from cultures on prime agar or steril¬ 
ized oats w^as placed in contact with the injured periderm and the soil 
replaced. In a second series the inoculum was applied to the un- 
wounded surface of the root. Control plants were treated similarly 
in each series except that sterile culture medium was substituted for 
the inoculum. 

All plots were given two light irrigations between the time of 
inoculating and harvesting. Marked wilting developed on most of 
the inoculated plants within 30 days, and when the beets were dug 
on September 20, 82 percent of the 1G0 roots inoculated with wounds 
were infected and 41 percent of the roots inoculated without wounding 
were infected. The control plants remained healthy. The infected 
roots bore typical lesions, those on the wound-inoculated roots being 
the larger. The fungus was reisolated from a large number of the 
infected roots and in inoculations made on 10 plants on September 28 
again proved pathogenic. Additional inoculation tests were made in 
Utah in the summers of 1928 and 1929. The results together with 
those of 1927, are summarized in table 3. 

On August 8, 1929, healthy beets in the Held were inoculated with 
small blocks of naturally infected beet tissue. Of 20 beets wounded 
by needle punctures, 17 were infected when examined on September 
22, and of 20 beets inoculated without wounding, 13 were infected. 
The 10 control plants for each method remained healthy. The 
fungus was reisolated from the infected beets (table 3). 

On August 8, 1934, plants were inoculated in the field at Clarksburg, 
Calif., by placing mycelium grown on cracked wheat in the soil 
alongside the unwounded roots. The beets were irrigated several 
times and were dug on September 20. Infection had occurred, and 
the fungus was reisolated. 

INFECTION OBTAINED ON WOUNDED AND UNWOUNDED ROOTS 
IN THE LABORATORY 

In Utah, in 1927, cultures of the fungus were used in crown inocula¬ 
tions of healthy topped beets. All beets were washed in tap water, 
treated for 10 minutes in a l-to-1,000 solution of mercuric chloride, 
and rinsed in three changes of sterile distilled water. A thin slice of 
crown tissue was removed with a flamed knife to expose fresh tissues 
free from cork cells. The inoculum, mycelium from 8-day cultures 
on prune agar, was placed on the cut surface and covered with moist 
absorbent cotton held in position by means of adhesive tape. All 
beets were placed in individual glassine bags and stored in a root 
cellar at a temperature ranging from 5° to 10° C. After 35 days, 24 
of the 28 inoculated beets were found to be infected, as proved by 
reisolations, and the amount of decay in individual beets ranged from 
15 to 70 percent by volume. The 10 controls treated with sterile 
prune agar w r ere not infected. 

Inoculation tests were made on the unwounded surface of sugar 
beets in the laboratory at Berkeley in January 1933, with one Utah 
and three California cultures of the fungus. Beets were thoroughly 
w r ashed in tap water, and 95-percent alconol was applied to the peri¬ 
derm where the inoculations were to be made. Mycelium grown on 
prune agar was inserted in two wells in each root made by removing 
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small cubes of tissue with a flamed scalpel, and covering with adhe¬ 
sive tape. Controls were treated with sterile prune agar. All were 
incubated in moist chambers at laboratory temperatures (20° to 24° 
C.) for 20 to 45 days. For moist chambers, use was made of 5-gallon 
tin cans with pie tins for covers; each can was provided with a wire- 
mesh platform to prevent contact of the roots with the water in the 
bottom of the can. Of the 44 roots inoculated with the California 
cultures, 39 were infected, and of the 39 inoculated with the Utah 
culture 30 were infected. The fungus was reisolated from all of the 
infected roots. None of the 21 controls became infected. The cul¬ 
tures showed no difference in virulence. 

Table 3. —Results of inoculations on sugar beets with Phytophthora drechsleri in 

Utah, 1927-29 


'l ype of inoculum 


Method of 
inoculation 


I 

I 


Mjcelium on awn 

Mycelium on oats.. 

Infected beet tissues,. 
Control, sterile aKar... 

Control sterile oats 

Control, healtln beet 
tissues 


l Needle 
INo injury . 
/Needle 
INo mjur\ 

I Needle 
lNo injury 
/Needle 


\No injury 
I Needle 
\No injury 
(Needle 
(No injury 




Beets 



from 

Beets 

Beets 

which P 

inoculated 

infected 

drechsleri 



was 

rcsolated 

Number 

Number 

Number 

170 

144 

69 

130 

62 

73 

SO 

ftU 

40 

40 

1<> 

34 

20 

17 

e 

20 

13 

10 

| 10 r > 
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.... 

, 101 

0 


j 00 

0 


! U) 

0 


; io 

0 

-- 

i io _ 

0 

1 


Unwounded roots were also successfully inoculated. On March 14, 
1933, eight roots harvested in November and kept in cold storage 
were inoculated by placing a half-inch square from a prune-agar 
culture on a clean, sterilized but mrwounded portion of the root sur¬ 
face. The roots were incubated in moist chambers at room tempera¬ 
ture and within 2 wrecks 5 of the 8 inoculated beets were typically 
diseased and the fungus was reisolated. The controls, on which 
sterile agar had been placed, w r ere not infected. 

BEET SEEDLINGS SUSCEPTIBLE TO INFECTION 

No infection of sugar-beet seedlings by Phytophthora drechsleri has 
been observed under field conditions. Many diseased seedlings have 
been cultured, but this fungus has never been obtained. Presumably 
soil temperatures during the seedling stage of this crop are below the 
optimum for this fungus. 

Laboratory tests showed, however, that seedlings were readily 
infected at higher temperatures. For these tests, small paraffined 
paper cups, 3 inches deep, were filled with sterilized river sand, 
rrune-agar cultures of the fungus were incorporated with the surface 
soil in the cups and 10 surface-sterilized, sugar-beet seed balls were 
planted in each cup. All cups were irrigated uniformly with sterile, 
distilled water and placed in incubators at constant temperatures of 
25°, 28°, 31°, and 34° C. The seed balls failed to germinate at 34°. 
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Abundant infection of the seedlings occurred in 9 days at the other 
temperatures, as is shown in table 4. Infected seedlings exhibited 
damping-off symptoms, and the cortical tissues were water-soaked in 
appearance. Some seedlings attained a height of \}{ inches before 
being killed, but most of them were attacked in earlier stages of 
growth. Some infected seedlings barely emerged, and it was apparent 
that many died before emergence. The fungus was reisolated from 
practically all of the infected seedlings. Normal seedlings developed 
in the controls. 


Table 4 Infection of sugar-beet m edlings grown in sterilized inoculated t>and at 

constant temperatures 


I emj>erature 
1° C) 

Source of 
culture 

Seedlings 

Seedlings 

diseased 

'J emj>erature 

r c) 

Soun e of 
cultuie 

seedlings 

seedlings 

diseased 

26. 

2b .... 

California 

Utah . 
Controls . 
California . 
Utah. 

A umber 
.10 
27 
58 
10 
(> 
61 

Number 

32 

25 

0 

18 

6 

0 

31. 

(California 
{Utah. . 
(Controls 

N uni bn 
21 

11 

28 

\umlnr 

12 

ft 

0 

Controls..- . 


PATHOGENICITY OF FUNGUS TO CERTAIN OTHER HOSTS 

Tucker 12 found Phytophthora drechsleri pathogenic to wounded 
apple, eggplant fruits and tomato fruits, wounded eggplant, papaw, 
and tomato seedlings, and potato tubers. Wound inoculations have 
been successful on the roots of garden beets, carrots, turnips, parsnips, 
and potatoes. The identity of the fungus was confirmed by reisola¬ 
tions. In garden beets the diseased tissues were black and firm, in 
carrots water-soaked and moderately firm except in advanced stages, 
and in parsnips and turnips gray, water-soaked, and soft and mushy 
after 7 days. In potato tubers the infected tissues were softened and 
rubbery after 5 days, and cut surfaces when exposed to the air devel¬ 
oped a light pink discoloration within 15 minutes which darkened 
within an hour and changed to black. A definite line separated dis¬ 
eased from healthy tissues. 

Wound inoculations with the fungus were successful in watermelons 
and citrons. Large brown lesions developed on the surface within 
48 hours at room temperature, and within 10 days the fruits had 
softened and were almost completely rotted. 

Sixteen unwounded ripe tomato fruits were inoculated by placing 
small squares of an agar culture on Jhe skin at the blossom end and 
holding them in glass, moist chambers at room temperature. All 
became infected, some in 6 days, and showed softened, water-soaked 
lesions, with irregular margins. 

The pathogenicity of the fungus was also tested by inoculations on 
unwounded apple, eggplant, summer squash, green tomato, and green 
pepper fruits. The apples and green tomatoes were not infected. 
Eggplant fruits were readily invaded, and after 5 days chestnut-brown 
lesions 5 cm in diameter developed. The tissues were softened and 
discolored to a depth of 1 to 1% inches. Two of the twelve green 
peppers inoculated and 7 of the 10 summer squashes were infected. 

11 Tucker, CM See pp 69 and 189 of citation mentioned in footnote 4. 
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Wound inoculations wore made on apples, summer squashes, green 
tomatoes, and green peppers. After surface sterilization, each fruit 
was punctured 10 times with a flamed needle in an area one-lialf inch 
in diameter. A small square of agar from a culture was then placed 
on the punctured area. Three days later all the apple fruits were 
slightly invaded, the summer squashes were half decayed, the peppers 
were all infected, and the green tomatoes were almost completely 
softened. All controls were healthy at the end of the test period. 

SUMMARY 

Phytophthora rot of the sugar beet has been found in Utah, Idaho, 
Tolorado, and California in poorly drained soils or areas where irriga¬ 
tion water has accumulated. Infection is favored by excessively wet 
soil. Yield and sugar content are greatly reduced. 

The basal end of the taproot is usually rotted, although infection 
may occur along the side of the taproot, especially where rootlets are 
attached. In the field the disease causes wilting of the leaves 
during the day and ultimate death of the plant. In the early«ttages 
the infected root tissues as seen on the cut surface are water-soaked 
and light brown, with a thin blackish-brown zone at the ad\ancing 
face of the lesion. Later the parenchyma tissues may disintegrate 
and leave a tuft of fibers at the tip of the root. 

The disease is caused by l'hytophthora drechsleri Tucker, of which a 
description is given. The fungus grows at temperatures ranging from 
8° to 3o° (\, with its optimum at 28° to 31°. It grows w T ell through¬ 
out a wide pH range. 

With mycelium as inoculum, infection was readily obtained on both 
wounded and unwounded roots of plants in the lield and also on 
harvested roots in the laboratory. 

The fungus caused damping-off of sugar-beet seedlings grown in 
inoculated soil at laboratory temperatures. 

In the laboratory wound inoculations with mycelium w r ere success¬ 
ful on the roots of garden beet, carrot, turnip, and parsnip, on potato 
tubers, and on apples, summer squash fruits, green peppers, and 
green tomatoes. Inoculations without wounds were successful on 
eggplant fruits, green peppers, and summei squash fruits, but not on 
apples or green tomatoes. 



HISTOLOGICAL STUDY OF TISSUES FROM GREENHOUSE 
TOMATOES AFFECTED BY BLOTCHY RIPENING 1 


B\ 11. L Slaton, usiauh assistant, and Cl V Gk\y, assistant, Sutton of Haiti - 
cultuu , Mitliujan Aqncultutal Ecpuumnt Station 1 

INTRODUCTION 

The appearance and quality of greenhouse tomatoes ( Lycopersicon 
isculentum) maturing in late spring and early summer are often im¬ 
paired by red and colorless markings, commonly called blotchy ripen¬ 
ing. In some cases the percentage of irregularly ripened fruits is less 
than 1 percent, while in others it may be as high as 50 percent. 
Investigations as to the nature of the disorder and methods for its 
control are being conducted at the Michigan Agricultural Experiment 
Station. This paper presents, as a part of these lm estigations, the 
i (‘suits of a histological study of the tissues from blotchy-ripened fruits. 

EXTERNAL APPEARANCE OF BLOTCHY RIPENING 

Blotchy ripening is primarily a disorder of the spring crop of 
gieenliouse tomatoes maturing m May, June, and July and is of little 
consequence to the fall crop maturing from October to January. 
Throughout the North Central States it rarely occurs under field 
conditions, although a few fruits sliow T ing all the characteristics of the 
disorder were observed during the period of the severe drought of 1934. 

In affected fruits areas of the outer wall 3 (pericarp) fail to develop 
and color normally. The individual blotch may be relatively large, 
involving from 25 to 50 percent of the entire surface of the fruit, or 
may be so small that it is not readily distinguishable. A fruit may 
show only one small blotch or several large blotches; large and small 
blotches may be formed on the same specimen. No sharp line of 
demarcation separates the green or white areas from the normal red 
portions; they merge gradually. Though these areas may appear 
on any portion of the fmit, they generally radiate from the pedicel 
attachment. Blotchy fruits in which all portions of the fruits are 
involved are shown in plate 1. As the fruits approach maturity these 
areas remain hard and green; and as ripening proceeds further, they 
assume a waxy or glassy appearance which may be accompanied by a 
sunken or pitted condition. 

The vascular bundles lying beneath these clear, glassy blotches in¬ 
variably appear to be brown or black and necrotic. This condition 
may be observed through the epidermis in many fruits. An affected 
area may be confined to one ot the furrows formed above the inter- 
locular walls of the fruit; such areas have been frequently observed 
immediately above the main bundle of a carpel. Transverse cuts 
made through a blotchy fruit (pi. 2, A) show that only the outer wall 
is affected. Usually there are small discolored regions in the center 

1 Received for publication June 21, 1935 issued March 19.10 Journal Paper no 221 Cii. s) from the 
Michigan Agricultural Experiment Station , ... 

1 The writers are grateful to F O Bradford for helpful suggestions ami assistance as to the methods em 
ployed and in the preparation of the manuscript . , . 

* The term “outer wail” as used in this paper does not im lude the partitions between the locules 


Journal of Agricultural Research, 
Washington, D C. 


( 217 ) 


Vol 52, no 3 
Feb 1,1936 
Key no Mich - 29 



218 


Journal oj Agricultural Research 


VoL 52, no. 3 


of the blotch which have the appearance of necrotic vascular bundles. 
In severe cases cavities may be associated with the affected tissues. 
The discolored portions are found only in the distinct blotches and 
do not occur in the normally ripened portions. Longitudinal cuts 
(pi. 2, B) reveal the apparently necrotic bundles and associated 
tissues even more strikingly than do the transverse ones. As shown 
in the longitudinal cuts this appearance oi broken-down tissues is 
confined entirely to the blotchy areas. 

The disorder is apparently restricted to practically mature fruits. 
Fruits in all stages of development have been dissected and examined 
for evidences of blotchiness. No immature fruit has shown any de¬ 
tectable signs of developing into blotchy fruit. The first evidences 
of blotchiness have been observed only after the fruit begins to de¬ 
velop color, which is usually from 2 to 5 days before it is ready to 
harvest. 

LITERATURE REVIEW 

Bewley and White (2)* attempted to dissect tomato fruits so as to 
expose the vascular system, but “owing to the delicate nature^! the 
individual strands”, abandoned this method and adopted clearing 
methods. Thev carefully removed the skin of a half-ripe fruit, 
scraped away the superficial tissue, and exposed the external portion 
of the vascular system. They presented drawings showing that the 
veins radiate from the stem end, and that in the proximal half of the 
fruit there are few cross connections, while in the distal half the veins 
anastomose to form an intricate network. By clearing a fruit thus 
prepared in xylol following alcohol they obtained “a good idea of the 
vascular system of the entire fruit.” 

Their examinations revealed certain differences between the vascu¬ 
lar bundles of blotchy fruits and those of healthy fruits. “The 
bundles of blotchy fruits seemed somewhat thicker than those of 
healthy fruits, owing to the spongy nature of the cells immediately 
surrounding them. Necrosis of the bundles frequently occurs” (2, 
p. 325). Drawings are shown of necrotic bundles appearing beneath 
distinct blotches In another illustration they show T ed an affected 
bundle w r ith an adjacent group of “corky cells” and stated that “such 
cells occur frequently in blotchy fruits.” By means of a hand lens 
they observed “the presence of gaps or canals in the parenchyma 
bordering the necrotic bundles.” The w alls of these cells were brown 
and necrotic. Although no mention is made of the fact, their draw¬ 
ings indicate that plugging of the tracheae accompanies the necrosis. 

Bewley and White (2 } p. 337) from their results over a 5-year period 
(1921 25) concluded that “blotchy ripening of tomato fruits is the 
result of malnutrition in respect of potash and nitrogen”, and “may 
be reduced to less than I percent, by suitable applications of sulphate 
of potash and sulphate of ammonia.” However, they did not at¬ 
tempt to connect “the necrosis of the bundles” with these nutrient 
deliciencies. 

Seaton’s investigations of the disorder 5 (12) indicate that blotchy 
ripening is not a nutritional disorder arising from soil conditions. He 
has advanced the hypothesis that the withdrawal of water from the 

4 Reference is made by number (italic) to Literature Cited, p. 224. 

4 Seaton, H L inn tana vtions on blotchy rifenino or greenhouse tomatoes. 1933. (Unpublished 
thesis, Mich State Col). 
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Plate 1 
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Tomatoes showing blotchy ripening. The glassy areas appear on all parts of the 
fruit but are less abundant in the stylar region. Some of the blotchy areas show 
a sunken or pitted condition, whereas dark, discolored tissues adjacent to the 
bundles appear in others. 






1 Blotchy npned fruits cut transversely Only the outer fruitu all is.rnol ved Xcw 

m the blotches ure affected tissues adjacent to the vessels X ft LlnJe.»rnJnnan!nt in\!m normal 
the iKJSition of the affected tissues in the blotchy areas No discolored t issues arr 1 J 1 *' 
pricirp X 1 2 C\ A cleared section from a normal fruit u ill near the Mylar region One l^Re car ^ 
lary bundle and numerous small anastomosing veins are shown X > M Same as C7 from an area new 
the stem end The anastomosis veins are loss numerous in this X 

of a large carpellary bundle from a normul peru arp } lus | ,w j*' f rom „ n unaffected 

parenchyma cells (p) of the sascular ray X 125 f, ^nKitmhnal section bun^e from an unaBe^ed 
fruit wall The spiral thickened tracheae (fr), the adjacent phloem (ph), and the surroundlnjt parenenyma 
(p) are shown X 125 




A, External \ lew through the epidermis of a blotch} fruit The discolored tissues appear to surround and 
invol\e the large bundle and the anastomosing veins The broken lines (a) indicate the position of the 
section shown m B, X 10 B , Transverse section from area indicated m A , a Note the large vascular 
bundle 06) and the broken down parenchyma tissue (p) which lies between the anastomosing bundle 
shown m A and the epidermis X 50 C, Identical w ith B The vessels of the bundle appear unaffected 
and the discolored areas are collapsed parenchyma X 145 D t Identical with C. The distorted cell 
walls and cell contents which make up the dark areas are shown. X 450. * 
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-4, View through epidermis of a blotchy the^nas^om^ing buuclles fat) 1 he broken lines 

be seen among the discolored portions which surround the anasio o g section 0 f region indicated in 
indicate the position of the cross section shown in B t X 10 B 

bundles (ab and vb) See plate 5 for details of the marked portions a and 0 X w 
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Plate 5 



t Region indieited isa in plite 4 It I In* epidermal cells (r) and the sever U underlving layers appear 
nurnial w it It the dark band resulting from the collapse of so\eril 1 iyers of pirenchvrm <p) immediately 
above the anastomosing bundle (ah) The bundles show no evidences of necrosis or plugging, and ap 
parently the cells subjected to break-doun he between the bundles and tin epidermis x 75 B, Region 
indicated as b m pi ite 4, B Compare the thickness of this area w ith that show n h\w 4 where a collapse 
of cells is apparent '1 he large cav lty u ) seems to In made up of dismembered cell walls, some of which 
have collected around the vessels of the bundle \s m A the broken down tissues are located between 
the epidermis (r) and the bundle (it»i X 75 ( , Same bundle as shown m lower j»ortion of B. hut from 

a section taken above that shown in B The vessels are unatlected and the dark areas ire made up of 
distorted w ills and cell contents of the parenchy ran w Inch once filled t he c av it y (c) X 75 
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fruits during periods of excessive transpiration, 3 to 5 days before the 
fruit ripens, results in the break-down of the tissues involved in the 
blotchy areas. 

MATERIALS AND METHODS 

The normal and blotchy-ripened fruits liicli furnished the mate¬ 
rial for this investigation were grown in the experiment station green¬ 
houses at East Lansing in 1933 and 1934. Samples were collected 
each year in June and were about equally divided between fruits of 
the Grand Rapids variety and fourth- and lifth-generation hybrids 
betw een Ailsa Craig and Marglobe. In 1933 comparatively small por¬ 
tions of the outer fruit wall from distinct blotches were excised irom 
freshly harvested material; but in 1934 much larger portions were 
taken, in some cases as much as one-fourth of the entire outer wall 
being used. The epidermis was removed from some samples and 
allowed to remain intact on others. In 1933 the material was killed 
and fixed in alcohol-formalin-acetic acid killing solution, embedded in 
paraffin, sectioned, and stained with Delafield’s haematoxylin. In 
1934 the samples were handled in the same manner, except that the 
large sections, after being cleared in xylol, were photographed with 
transmitted light in that liquid in an especially designed cell. After 
the gross photographs (pis. 2, C and Z>;4, ; and 6, *1), atamagnifica- 

tionof f) and 10 diameters, were examined, the portions indicated in 
the plates were dissected from the cleared samples, embedded in 
paraffin, sectioned, and stained in the same manner as the 1933 
material. 

STRUCTURE AND APPEARANCE OF THE PERICARP 

THE PERICARP FROM NORMAL FRUITS 

When the outer fruit walls are cleared in xylol following alcohol, 
the vascular anatomy of the pericarp may bo followed easily. Several 
large carpellary bundles radiate from the corky abscission layer, 
extend around the fruit, and converge again at the stylar scar. Rela- 
tively large branches from the main carpellary bundle are found in 
the furrows outside the interloeular walls and smaller anastomosing 
veins from these extend into these walls (pi. 2, B). In the outer 
carpellary walls other branches of the main bundle appear and extend 
with it to the stylar scar. In the pericarp near the pedicel attach¬ 
ment and extending to the region of the greatest diameter of the fruit 
few connecting veins are present between the main bundle and the 
large branches (pi. 2, I)). However, from the region, of the greatest 
diameter to the stylar scar the bundles anastomose freely and form an 
intricate network of connecting veins (pi. 2, C). Thus the areas 
between the bundles and veins are larger, and more of their parenchy¬ 
matous cells are further removed from bundles in the lower half of 
the ovary wall than in the upper half. These observations are, in 
general, in agreement with those of Bewley and White ( 2 ) and the 
observations by Cooper (4) on the anatomy and development of the 
tomato flower. 

Histological examinations of the pericarp from mature fruits (pis. 
4, B; and 5, A and B) show that the outer epidermis is made up of 
small, heavily cutinized polygonal cells. The inner epidermis is more 
delicate than the outer and shows little or no cutinization. Only the 
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outer and the inner epidermis and the fleshy layer between the two are 
distinct. The several layers of parenchyma cells constituting the 
fleshy layer adjoining the epidermal layers are smaller and have 
slightly thicker walls than those of the center, where the cells are great¬ 
ly extended and the walls are excessively thin and delicate at maturity. 
Intercellular spaces of any appreciable size are not present. Through¬ 
out the center of the fleshy layer, bicollateral vascular bundles, dis¬ 
sected with vascular rays of large, spongy parenchyma occur (pi. 2, 
K). In longitudinal section the tracheae of these bundles are seen to 
be the spirally thickened t\pe (pi. 2, F). 

THE rr.KU'MU’ FROM BLOTCHY FRUITS 

In cleared sections from blotchy fruits large dark areas attendant 
to the bundles and their brandies are apparent, while less dense, 
slightly diffused areas of similarly affected tissues appear between the 
bundles (pis. 4, A and (>, A). ( T nder low magnification the bundles 
in blotchy regions seem to be enlarged throughout the extent of the 
blotch and give the appearance of being necrotic and functionlesi^ as 
Bewley and White (J) reported from their observations with a hand 
lens. However, when carefully prepared sections are examined under 
higher magnification, the actual conditions of the vascular elements 
and surrounding tissues appear quite different. 

An external \iew through the epidermis of a blotchy fruit (pi. 3, A) 
illustrates the deceptive appearance of the necrotic and enlarged 
bundle and the anastomosing veins surrounded by affected tissue, 
in a transverse section of this same area (pi. 3, li) at higher magnifi¬ 
cation, the large bundle appears to the right of the field and the band 
of discolored tissue in the center is from immediately below the 
anastomosing bundle. The elements which appeared plugged at 
lower magnification are in reality open and unaffected, with some 
broken-down \ascular ray parenchyma between them. The band of 
dense material, shown under high power (pi. 3, f T und I)), is clearly 
composed of collapsed parenchyma cell walls and the cell contents 
from the center of the fleshy layer of the ovary wall. The arrange¬ 
ment of the collapsed cells seems to indicate that they were subjected 
to mechanical stresses. 

An interesting picture of affected portions of the pericarp and their 
positions relative to the epidermis and vascular bundles is shown in the 
transverse section in plate 4, li. The epidermis is w avy, being sunken 
above portions where the underlying parenchyma has collapsed, and 
unaltered above normal areas and in regions where cavities occur. 
The dense bands of broken-down cells occur between the outer epi¬ 
dermis and the bundles. In the parts where the epidermis is sunken 
(pi. 5, ^1), the debris of cell walls and cell contents appears to be forced 
together; while in the portion where the large cavity appears above the 
bundle (pi. 5, li) y fragments of debris have collected around the 
tracheae and dismembered cell w r alls are found in the resulting cavity. 
A similar cavity intermediate between the epidermis and a point near 
the union of two normal bundles, which are surrounded by unaffected 
parenchyma, is showm in plate 7, A. The accumulation of the dense 
cellular material between the epidermal layer and the bundles may 
account for the misconception that the bundles are involved. 



1, Stumngh enl irged and discolored bundles with connefting veins and asi»ociit(d tissues as they apj»e ir 
m a cleared wall from a blotch\ fruit '1 he small area (c/) is ‘•hown in plate 7 A, and the larger central 
portion (b) is shown in Ji X 10 Zi, 1 ransverst section of fruit wall shown in A b Note the distribution 
of the bundles (ti, fj, n /<)and t heir rt lation to the broken dow n tissues The large t av lty in the centc r 
is through the middle of the dark area shown in 1 It is the result of rupture during removal of the outer 
epidermis See plate 7 for details of the marked ireas a and b X 10 
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A, A longitudinal tangential section through tlie outer wall of a bhitthy fruit Note the broken down 
narenclnma (y) to either side of the large bundle ( tb) and between the branches of the mastomosmg 
bundle ( ab) X ‘i li. The anastomosing bundle (ah) shown in A where it seems to lie necrotic At this 
magnification the spiral thickened tnrheae (fr) api»e ir norm il X 150. 
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Where small, diffused spots appear between the bundles, a different 
condition exists than in areas where dense accumulations of cellular 
material occur. The diffused spots are usually made up of broken- 
down cells which have not been forced together into a dense mass, but 
are scattered individually throughout the space they formerly oc¬ 
cupied (pi. 7, B). This scattered arrangement of dismembered cells 
almost always occurs midway between two bundles (pis. 6, B and 7, 
B) and may be considered as a stage intermediate between the normal 
and the condition where bands of dense material are formed. The 
bundles associated with the disintegrated parenchyma have been 
found to be unaffected in almost every case (pis. 7, B and 8, B ). 
Longitudinal tangential sections of blotchy fruits show this relation¬ 
ship of the bundles to the broken-down parenchyma quite (dearly 
(pi. S,.l). 

in severe cases of blotchy ripening, large, dense masses of dead 
cellular material are found to occur in the bundles in such manner 
that even the tracheae appear affected (pis. 0, B; 7, f Y and D; and 9, 
A and B). Usually, well-defined cavities are present within the 
necrotic bundle, and the whole mass may give the appearance of the 
complete distortion of all the elements of the bundle. Nevertheless, 
under high power one finds the radiating strands of cell debris have 
been pulled in around the strands of tracheae, which form the frame¬ 
work on which the amassed material is draped. The cells that are 
actually affected include, for the greater part, the thin-walled paren¬ 
chyma of the vascular rays, while the tracheae are uninjured and 
appear to have functioned normally in the anas beyond the blotch 
(pis. 8, B and 9, A). 

DISCUSSION 

The histological observations reported here, as well as data from 
other investigations of the disorder, substantiate the hypothesis ad¬ 
vanced by Seaton h {12) that blotchy ripening is due primarily to 
conditions resulting from the withdrawal of water from the fruit dur¬ 
ing periods of excessive transpiration occurring 2 to 5 days before the 
fruit ripens, and indicate that deficiencies of potassium and nitrogen, 
as suggested by Bewley and White ( 2 ), are probably secondary and 
occasional. It is evident that blotchy ripening is closely associated 
with the break-down of the parenchyma near and adjacent to the 
\ascular bundles of the maturing ovary walls. That some physical 
force is operative in bringing about the conditions antecedent to 
blotchy ripening is also strongly suggested. Moreo A cr, the very 
location of the affected tissues indicates that a strong pull, exerted 
through the vascular system upon the normally large, turgid, thin- 
walled, delicate parenchyma cells between the bundles and connect¬ 
ing veins of the fleshy layer, results in their rupture and distortion. 
Indeed, areas similar to that shown in plates 4, B and 5, A suggest 
a cleavage of tissue such as might result from loss of turgor, the upper 
portion being supported by the denser tissues of the outer portion 
of the pericarp, w T hile the portion below lacks such support and is 
pulled away. 

MacDougal (8) has shown by the use of an auxograph that the daily 
accretion in size of tomato fruits is connected with temperature and 


* Seaton, IT L See footnote 5. 
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w liter relations. As the temperature of the fruit attached to the plant 
rose from 12° or 14° to 26° or 28° C\, the volume increased to a point 
where the increased temperature caused an excessive water loss by 
transpiration which o\ erbalanced the gain by hydration. The midday 
shrinkage could not be prevented by watering the plants abundantly. 
His data show that a water deficit may exist in the fruits because of 
excessive transpiration regardless of the moisture content of the soil. 
Seaton, 7 using an aniline dye under greenhouse conditions favoring 
excessive transpiration, lias followed the movement of water from the 
fruits to the transpiring leaves. On bright, warm days in July the 
dye appeared m the upper leaves in from 1 to 1 ) 2 hours after it entered 
the fruit, while on rainy or cloudy days 4 to 8 hours elapsed before it 
could be detected in the fruit pedicel. 

Similar changes in the direction of the water stream have been 
advanced as explanations for similar physiological disturbances, such 
as the blossom-end rot of tomatoes (d), the internal decline in lemons 
(/), bitter pit of apples (?), the dropping of blossoms in the tomato 
(/V), and the shedding of unopened bolls in cotton (6*). w 

In the development of some fruits, according to Eames and Atac- 
Daniels (J), the cells which later form the flesh of the ovary w T all are 
formed during the early development, and development to the mature 
condition does not in\ olve cell division. The growth consists mostly of 
the radial enlargement of cells, and in some fruits the formation of 
intercellular spaces. Thus, in the tomato, ripening involves, histologi¬ 
cally, increase in cell size and change in cell shape, the cells becoming 
turgid with fluid and the walls excessively thin and delicate. Accord¬ 
ing to Kando (II), Rosa (10), and others, during the ripening processes 
there is an increase in the percentages of moisture, acids, and sugars, 
and a decrease in solids, nitrogen, starch, pentosans, crude fiber, and 
ash. Consequently, the parenchymatous cells of the outer fleshy 
wall, where the greatest increase in size and the changes in chemical 
composition occur, become more susceptible to injury as maturity is 
approached. Since the climatic conditions which usually prevail dur¬ 
ing the ripening period of the spring crop of greenhouse tomatoes are 
conducive to excessive transpiration, it is logical to expect the greatest- 
losses from blotchy ripening to occur intermittently during that season. 

In the red areas of blotchy fruits the normal ripening and coloring 
are not retarded, and the processes are completed. However, w r ith the 
break-dow r n of the parenchymatous cells near and adjacent to the 
bundles in the blotchy areas, the connections which the outlying cells 
have for the transfer of elaborated foods and w f ater are severed, and 
they are deprived of the materials which are essential for normal 
ripening. Consequently, these areas remain hard and develop the 
colorless or glassy appearance characteristic of the disorder. 

SUMMARY 

A histological study of tissues of greenhouse tomatoes affected by 
blotchy ripening is reported. 

This disorder, which affects greenhouse tomatoes that ripen in May, 
June, and July, is characterized by a failure of areas of the outer fruit 
w’all to develop and color normally. As the fruit approaches maturity, 
these areas remain hard and green; and as ripening proceeds further, 

' Sfatois, II L. See footnote 5. 
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they assume a waxy or glassy appearance. The vascular bundles 
lying beneath the blotches invariably appear brown and necrotic, 
and in severe cases cavities may appear adjacent to them. The dis¬ 
order is restricted to practically mature fruits. 

Anatomically, the vascular system of the normal fruit wall consists 
of large carpellary bundles, their branches, and anastomosing veins. 
The outer fruit wall is made up of the outer epidermis, the fleshy layer 
of large parenchyma cells, and the inner epidermis. The bundles are 
bicollateral, dissected with vascular rays of parenchyma, and with 
spirally thickened tracheae. 

In cleared sections of blotchy fruit walls, large dense areas at tend ant 
to the bundles are apparent, while less dense, slightly diffused areas 
appear between them. Tavities frequently occur in the bundles in 
severe cases. Histological examination reveals that the discolored 
tissues are in all cases parenchyma of the fleshy layer and that the 
bundles are not involved. Bands of discolored cellular material 
appear between the epidermis and the bundles, which produce the 
impression that the bundles are affected when viewed through the 
epidermis. The cavities found in blotchy portions are the result of a 
collapse of the parenchyma which originally occupied these areas. 
The diffused spots are composed of dismembered colls from 
the fleshy layer. Cavities in the bundles result from a collapse 
of the vascular ray parenchyma which is pulled in around the unaf¬ 
fected tracheae. 

The break down of the parenchymatous cells near and adjacent to 
the bundles in the blotchy areas severs the connections of the outlying 
cells for a transfer of elaborated materials and water, and normal 
ripening is inhibited. 

The histological observations reported substantiate an earlier 
hypothesis advanced by the senior author, that blotchy ripening is 
primarily due to conditions which result from the withdrawal of 
water from the fruits during periods of excessive transpiration, 
occurring 2 to 5 days before the fruit ripens. 
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THE PROGRESS OF THE DISTRIBUTION OF SALT IN 
HAM DURING THE CURING PROCESS 1 


By R. C. Miller, assistant professor of agricultural ami biological chimistry , De¬ 
partment of Agricultural and Biological Chemistry and P. T. Ziegler, professor 
of animal husbandry , Department of Animal Husbandry , Pennsylrania Agricul¬ 
tural Experiment Station 

INTRODUCTION 

Practically all methods of curing pork involve the use of salt as a 
curing; agent. Its main function is as a prosenative to prevent or 
roduce the action of micro-organisms ’which might cause spoilage in 
the meat. Aside from this preserving action, the salt contributes 
greatly to the palalability of the meat. Oversalted pork is undesir¬ 
able, although it is quite common. The amount of salt present should 
be suflieient to exert the required preserving action but should not be 
so excessive as to impair the palatability of the product. In addition 
the salt should be uniformly distributed throughout the meat to insure 
uniform quality and palatability. 

The process of curing ham involves the application of the curing 
agent, usually a combination of salt, sugar, and either saltpeter 
(KNO 3 ) or potassium nitrite (IvNtL), to the meat by one of two 
methods, either by dry curing or brine curing. The meat is then 
allowed to remain in the curing medium for a period of time, which 
is dependent on the size of the cut and the Kind of cure. Subsequently 
it is soaked in water to remove the excess salt from the outside, 
smoked, and finally aged or held as long as is de-arable to improxe its 
flavor or as is required for practical purposes. 

The curing process has as its first objective the penetration of the 
salt into all parts of the meat rapidly enough to o\orcome or prevent 
the deleterious effect of micro-organisms. If the meat is dry-cured 
an allotted amount of the curing agent is rubbed into it, usually in 
two or three portions at intervals of several days. Usually the last 
portion is applied no later than 10 days after the beginning of the cure. 
In brine curing, which is probably more commonly used, the meat is 
allowed to remain in a brine or pickle for a period, the length of which 
should depend on the strength of the pickle used and the temperature 
at which the cure is conducted. Commercially it is a common prac¬ 
tice to pump a strong salt solution into the ham previous to placing 
it in the pickle proper. 

Other things being equal, the effectiveness of salt in preventing 
bacterial action should depend largely on the temperature at which 
the curing process is conducted. The optimum temperature is ono 
which is nigh enough to permit the salt to penetrate as rapidly as 
possible, and yet low r enough to inhibit excessive bacterial aciion. 
Temperatures from about 36° to 40° F. seem to fulfill this require¬ 
ment and are commonly used. Lower temperatures are said to retard 
the cure , 2 and at higher temperatures spoilage of the meat is liable 

5 Received for publication Sept. 16,1935; issued March 1936 

2 Moulton, C. R. meat through the microscope, applications of chemistry and the biological 
SCIENCES TO SOME PROBLEMS OF THE MEAT-PACKING TNDl STKY 528 pp., illtlS. CblCftgO, 1929. See p 45. 
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to occur before a sufficient concentration of salt is obtained to check 
bacterial action. 

The authors have in progress a study of the factors involved in the 
curing of ham and bacon. The present paper reports their findings 
in experiments made to determine the degree of distribution of salt 
in hams cured by different methods, the salt distribution being related 
to the time allotted to the curing process proper and the time of any 
subsequent holding or aging. 

EXPERIMENTAL PROCEDURE 

Fifty-nine hams weighing from 14 to 19 pounds were used for 
curing. The plan followed was, whenever possible, to put down to¬ 
gether, in the curing agent, both the right and left hams from the 
same hog, and to remove this pair of hams from cure at the same 
time, then to soak them in water to remove excess salt or curing 
agent from the outside. One ham was analyzed immediately before 
being smoked, and the other was smoked and held for a designated 
number of days, when it was analyzed also. The latter ham gave 

information as to the effect 
of holding thehamforan ad¬ 
ditional period and served 
as a check on the first. 

Each ham was sampled 
by taking a center cut across 
it next to the aitch bone/* 
This cut was about 1 inch 
thick, X inches wide, and as 
long as the thickness of the 
ham. It was driided into 
fi\e equal horizontal sec¬ 
tions which were separately 

Figure 1 nmgr.im of method of .sampling the hums: ground ill a food chopper. 

Each served as a separate 
sample on which moisture and chlorine were determined. Thus an 
analysis was obtained cm samples representing the center of the ham 
as well as the two adjacent sections, and the two outside sections. 
This method of sampling is depicted in figure 1. 

The amount of salt present in each section was calculated from the 
chlorine content as determined by the wet-digestion method as given 
by Davies. 4 A 5-gram sample of the ground meat was weighed into 
an Krlenmeyer flask, and to it were added an excess of one-tenth 
normal silver nitrate, 10 cc of saturated potassium permanganate 
solution, and 25 cc of concentrated nitric acid. This mixture was 
boiled vigorously until all solid particles of the meat were completely 
digested, the average time required being about 20 minutes. Per¬ 
forated glass beads w ere used to prevent bumping during the digestion. 
The solution was then cooled by immersing the flask in cola water. 
When cool, the excess of silver nitrate was titrated with potassium 
thiocyanate in the presence of 2 cc of saturated ferric alum and 10 cc 

* Moulton, C. R See p. 112 of reference cited in footnote 2. 

* Davies, W L. the determination or chloride* in dairy products and biological MATERIAL. 
Analyst 57: 7B-83. 1932. 
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of acetone. By having a total volume of not more than 100 cc, an 
easily distinguishable brownish-red end point was obtained without 
filtering off the white precipitated silver chloride from the yellow solu¬ 
tion resulting from the digestion. A blank determination on fresh 
pork showed it to be so low in chlorine as not to influence the results 
obtained in this study, in w r hich relatively large quantities of salt 
w ere present. 

The percentage of salt in the dry matter of each of the five pieces 
that were subsampled Irom a ham w r as computed, and the figures 
obtained were used to calculate the mean salt content and the standard 
deviation of the center cut. It should be mentioned that the figures 
for subsample no. 1 wore usually omitted in making the computa¬ 
tions, inasmuch as this sample w r as ordinarily mostly fat and practi¬ 
cally alw ays contained less salt than the lean subsamples, presumably 
due to its lower water content The coefficient of variability of the 
salt content was calculated according to the formula 

cY= ^ xl0 ° 

in which cV represents the coefficient of variability. 

The value thus obtained is a numerical expression which denotes 
the extent to which the salt contained in the ham has become distrib¬ 
uted or equalized It is a \alue which is practically independent 
of the absolute amount of salt present. Typical figures illustrating 
the application of this method of expressing the extent of salt equaliza¬ 
tion are given in table 1, the salt distribution for these two hams 
being quite different because of different methods of curing. 


T\bll 1 .—Data obtmmd ftom ihi Jive subsamplts made from cniUr cuts of two 
hams caud by difjcrtnt vuthods and indicating tfu (Xtnit to which the salt was 
distributid throughout 1 



suit m 1mm no — 

Subsumple no - 



1 

2 


1 (fU «ule) --- . - - . 

2. 

3 (middle pwe; 

4. . 

r > (flesh side). ^ 

Pern nt 

1 05 

2 15 

2 89 

0 87 

18 80 

Percent 

1 50 
8 50 
8 97 
8 4b 
10 82 

Mean salt content of entire tenter cut . 4 

C oeflitient of \ariabiht\ 

7 01 
90 9 

7 05 
12 1 


1 Yll anahses are expressed as jiereentages of the drv matter 


As illustrated by these two hams, the coefficient of variability is 
high wdien the distribution of salt in a ham is not uniform, as in the 
case of ham no. 1, in which the salt is relatively more concentrated 
in subsamples 4 and 5. Conversely it will be low r when the salt con¬ 
tent of the several sections sampled is approximately the same, as in 
ham no. 2. Thus the coefficient of variability is a useful criterion in 
judging the extent of the distribution of salt and presents a means of 
comparing different hams in this respect. 
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Jt should be pointed out that the mean salt content of the five pieces 
suhsarnpled from the center cut is not the trim mean salt content of 
tlie whole ham. This is apparent when it is recognized that the 
outer portion of the ham (subsamples 5 and 1) represents, on the basis 
of weight, a different percentage oi the whole ham than it represents 
in relation to the (enter cut from which it is taken. The same 
diffeiencc exists in a diflerent proportion for the other subsamples 
of the center cut. As given in table 1 the mean salt content of the 
entire center cut is 7 01 percent for ham no. 1 w T hile the salt content as 
deteimined for the whole ham after grinding it and subsampling w T as 
5 3G percent. The method of centei-cut sampling, therefore, is con¬ 
ventional but servos a useful purpose for comparative studies. In 
addition it senes as an aecuiate <ritorion when a consideration of 
salt penetration m relation to the thickness of the meat is desired, 
this aspect being equally as important as the relationships involving 
the weight of the meat 

In table 2 are gnen data concerning three different brands of 
standard, first-qualit \, packer's ham which arc taken to be u^pre- 
sentati\e of thi^ 1\pe oi product These hams w T ere purchased in a 
local butcher shop and amd\zed in the usual manner 


r \ Mil i 1 Salt distribution m fust-ejualih/ communal hams of thru different brands 


I* irl of h im or s tmplt 


Micldlo s.mpk u>» 0 
Outside sum pit (no r > 

Me in s ill (on It ut of t lit irt unfir « ut 
( oofluitnt of uiriulnlitN foripntti nit 



^alt in ham no — 


1 

2 

3 


Percent , 

Percent 

Pi n < nt 

. 

7 b | 

U 9 

11 2 


n 9 | 

l r > r > 

IS 1 


11 f, : 

l r > S 

14 0 


2 P > 8 

If) 1 

2\ f, 


No information is at hand concerning the manner in which these 
hauls wcie cured or how long the\ were out of the cure before being 
sampled. The anah sis show s that they contained a considerable 
amount of salt and that, particularly in the case of hams 1 and 3, the 
salt content of the outside pieces was somewhat higher than that of 
the center sample. The coefficients oi \ ariability bear out this obser¬ 
vation insofar as salt distribution is concerned. A value around 25 
would indicate only a fair distribution; thus it is possible that at least 
two of these hams (nos. 1 and 3) were not held long after curing, or 
that some other feature of the cure was such as did not permit much 
equalization of the salt. 

SALT DISTRIBUTION IN DRY-CURED HAMS 

In table 3 are given data for hams cured under experimental con¬ 
ditions. Both groups were dry cured with salt and saltpeter. The 
hams Inning tho same curing period were from the same hog. 

The curing agent was applied at the rate of 1 ounce per pound to 
the skinback hams and 2 ounces per pound to the regular hams, a 
portion as large as could be immediately taken up bv the meat being 
applied in one rubbing, the remainder being sprinkled on the meat. 
The curing was done in w ooden boxes from which the liquor exuding 
from the hams w as allowed to drain, and in a refrigerated room where 



reb. i, 1938 Progress of Distribution of Salt in Ham During Curing 229 


the temperature was controlled to about 37° F. Pairs of hams were 
removed from the cure at the same time, one ham from each pair 
being immediately analyzed, and the other boing held for an addi¬ 
tional period, as indicated in the table, during which time it was 
smoked and then analyzed. The hams were held in a refrigerated 
room previous to smoking, and at room temperature after smoking. 


Tabll 3 .—Salt distribution while curing and after holding in hams dry-cured for 
various piriods with salt and saltpeter at 3)° F. 



Regular hams 


bkinbatk hams 

Hum no 1 

Length 

of 

curing 
perio l 

Length of 
holding 

Cocffi 
cietit of 

Ham no 1 

Length 

of 

curing 

period 

Length of 
holding 

Coefli 
cient of 


period 

after 

curt 

varia 
bill t \ 
of salt 


period 

after 

cure 

\ im 
bility 
of S lit 


Dayv 

Days 



Days 

Days 


7' 

JO 

0 

123 S 

l 4 .. 

28 

0 

qj 8 



0 

100 9 

HM . .. 

l r > 

0 

98 1 


42 

0 

*1 0 

J4 

42 

0 

70 7 

103 . 

20 

10 

*i2 8 

r >* 

28 

12 

14 0 

23 1 

tfi 

10 

2 P > 8 

j ( 

3 r > 

12 

3f> 0 

3 i 

42 

10 

34 4 

O' 

42 

32 

20 0 


i 1 he siifierior figures are for laboratory rt Lords 


The results indicate that with both methods of curing: the equaliza¬ 
tion of salt was progressing throughout the whole period of observa¬ 
tion, which was from 20 to 74 days. However, the coefficients of 
variability are somewhat lower in five out of the six coses for the 
skinback linm c , indicating a somewhat more rapid cure. The slower 
cute with the regular hams may be attributed to the heavier fat cover¬ 
ing on the hams, this layer of fat retarding salt penetration. 

It is apparent that the type of results presented in this paper show 
considerable variation because of the small number of hams that luyve 
been tested. Therefore, the results are of limited value in making 
close comparisons unless large numbers of observations are made, 
but are useful for the present purpose in indicating the general prog¬ 
ress of salt penetration and equalization. 

In table 4 are presented data for hams dry-cured with salt, brown 
sugar, and saltpeter, using 1 ounce per pound of meat, applied in 
three rubbings. One series of hams was kept during the cure in an 
outside brick building which was unheated, and with the tempera¬ 
ture uncontrolled. The conditions simulated those that would be 
encountered in farm practice. The mother series was cured under 
controlled conditions. 

Salt alone or in combination with saltpeter is commonly used in 
farm practice for curing meats, but it is generally conceded that a 
product of better quality is obtained if the curing agent contains 
some sugar. Unpublished experimental work by the authors has 
shown that a mixture of 8 pounds of salt, 3 pounds of brown sugar, 
and 3 ounces of saltpeter is a satisfactory curing mixture. 

Data for an odd ham are presented in the controlled series, its 
mate having been erroneously cut before the termination of the cure; 
also hams 2 A and R 2 were not from the same hog but were practically 
identical otherwise. 
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In till the hams that wove cured for 2b days or more and then held 
lor 30 dtt\s, the distribution oJ salt, as judged by the coefficients of 
'variability, was uniformly good. It appeals that salt equalization 
was progressing at a rather uniform rate during both the curing and 
the holding periods and would be satisfactory after .10 to (i() days. 
Also there is some indication that the distribution ol salt in these 
sugar-cured hams, as related to time, is somewhat better than in the 
case of hams cured with salt and saltpeter under controlled conditions. 
A comparison of hams that were cured for approximately the same 
periods and then held for a period after cure, shows that the coeffi¬ 
cients of \ariability are lower in all eases tor the sugar-cured hams. 

SALT DISTRIBUTION IN BRINE-CURED HAMS 

The results obtained with two series of brine-cured hams are given 
in table 5. The brine was made up ol S pounds of salt, 3 pounds of 
brown sugar, and 3 ounces of saltpeter, dissolved in 4 gallons of water 
and used at the rate of 4 gallons per 100 pounds of meat. The series 
of hams, for w hieh data are gi\en in table 5, were in part cured under 
controlled temperature conditions at about 37° Jh\, and in part under 
uncontrolled temperature conditions in the smokehouse previously 
described. 

Jn the eases where comparisons are possible, it does not appear that 
there is much difference in salt equalization in the hams cured under 
either uncontrolled or controlled conditions. 

The coefficients of variability of the salt of the hams cured in brine 
under controlled conditions are about the same for all the hams 
analyzed after 25 to 42 days in the brine. The figures for hams cured 
from 25 to 30 days appear to be lower than for those dry-cured for 
approximately the same period. It might be expected that such 
might be true since, in dry curing, all the salt which is ultimately 
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distributed throughout the hum is rubbed into the surface within the 
first lew days after the beginning of the cure. From then on the 
salt is penetrating further into the ham and is becoming distributed 
throughout it, the concentration of salt gradually being diminished 
in the outside portion. In brine curing, salt is being continually 
taken up by the meat from the brine until the cure in the brine is 
terminated. It would appear from the coefficients of variability, 
that in brine-cured hams the concentration of salt in the outside por¬ 
tion in relation to the concentration in the inside is ne\cr as great as 
it is in the early stages of dry curing. Because of the continued 
adsorption of salt during the brine cure, equalization of the salt may 
not be as rapid as in dry curing during the cure proper. The data 
show that, in the case of brine curing, most of the equalization occurs 
during the holding period following the cure. 
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No mention has been made of the influence of smoking the meat on 
the salt penetration. It might be expected that exposure to the higher 
temperature of the smokehouse would hasten the equalization of salt, 
but as vet the present study has not particularly concerned this point 
and such evidence as has been obtained*^ inconclusive, although there 
is some indication that smoking slightly speeds up salt equalization. 

With respect to the ultimate distribution of salt, the dry-curing 
and brine-curing processes are essentially the same. However, they 
must differ in fundamental details. Experiments are cited by Callow r L 
in which small pieces of pork muscle were immersed in concentrated 
solutions of salt. At first, water diffused from the muscle to the 
solution, the rate of diffusion depending on the concentration of the 
salt solution. Finally, the waiter began to diffuse back from the 
strong solution of salt to the muscle. Apparently this phenomenon 


4 Callow, E H theory or ci rino [Gt Brit ] Dept bti awl Indus Research, Food Imesl. Bd. 
Kept. 1932 101-102. 1933 . 
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does not occur except in the presence of proteins, there being formed 
a salt-protein complex which has an osmotic pressure greater than 
that of the surrounding solution. 6 Since the salt-protein complex is 
hypertonic to the solution, water diffuses back into the protein- 
containing system. 

Callow 7 has also shown that the uptake of salt from solutions of 
different strengths is continuous and is dependent on the strength 
of the brine used, more salt being taken up from the stronger solutions. 

These findings agree with those of practice, the increase in weight 
of brine-cured hams due to uptake of water being commonly recog¬ 
nized. The results herein presented show, however, that under 
ordinary conditions the salt in a ham is not uniformly distributed for 
some length of time. Jt is doubtful, with a heterogeneous-phase 
composition with respect to salt and tissue constituents, whether 
equilibria with respect to salt and water uptake are reached in ordinary 
curing practice. Methods of curing, therefore, must be controlled 
procedures which produce the desired effect. 

SUMMARY ^ 

A statistical method is presented, by means of which it is possible 
to express mathematically the extent of the distribution of salt in 
ham at various stages in the process of curing. 

Results are given for .“><) hams, variously cured. 

The salt in hams cured by various methods did not become well 
distributed throughout the meat until approximately 60 days after 
the beginning of the various cures. Salt equalization begins in dry- 
cured hams as soon as the last portion of curing mixture is applied 
to the meat. In brine curing, salt equalization is accompanied by 
absorption of salt from the brine until the meat is removed from it, 
thereafter salt equalization alone takes place. 

In all the curing methods used, the usring of hams for 30 days after 
their removal from the cure permitted further equalization of the salt 
and gave a product of more uniform salt content. 

8 AD\IU, (i S A THEORY OK I'VKTIAL OSMOTIC I'KEssi KE.N AND MEMBRANE EQUILIBRIA, WITH SI'ECTAL 
REFERENCE TO THE UTLICATION OF 1>A! TON’S LAM TO II V M0GLOB1N SOLUTIONS IN THE PRESENCE OF SALTS. 
Roy Stic [London], i*ioc- A 120. 573 00.1. lllus. 1H2N 
7 (’\ i io\v , K 11 section c I'll, HIOLH cTs. [(It JUril ] Dept Sci mid Indus. Research, Food Invest. 
Bd Kepi. 102!* (>7 73,11111* 1030 See p W 



THE EFFECT OF FREEZING ON THE PHYSICAL AND 
MISCROSCOPIC CHARACTER OF GELS OF CORN AND 
WHEAT STARCHES 1 

Sibil Woodruff, chief m foods , and Henrietta Hayden, research assistant 
Illinois Agricultural Experiment Station 

INTRODUCTION 

The number of changes both in the gross and in the microscopic 
appearance of starch gels brought about by freezing is so great that 
it suggests many lines of study in connection with the structure of 
starch granules. It is believed that the facts established in this 
investigation may be applicable to the problem of low-temperature 
preservation of food and to that of water removal from food materials 
containing gelatinized starch. The differences found between corn 
and wheat starches may be of value in determining the kind of 
starch for practical use. 

METHODS 

SOURCE AN1) PREPARATION OF STARCHES 

Starches of both corn (Zea mays) and wheat (Tritlcum rulyare) 
were prepared by methods designed to leave them as nearly in their 
native state as possible, while at the same time freeing them from 
other constituents of the kernel. Three varieties of corn, Reid Yellow 7 
Dent, Krug Yellow, and Champion White Pearl, were used as sources 
of starch. So little difference between them was found that photo¬ 
micrographs for the Reid corn only are shown. 

The corn was soaked overnight in cold water and ground several 
times to medium-fine particles. Its starch was washed out and sepa¬ 
rated from the other material of the kernel, first on a f>()-mcsh screen, 
then on fine bolting cloth. The starch suspension was centrifuged 
and w r aslied in turn with 2-percent sodium chloride, water, alcohol, 
and ether. Layers of gluten at the top of the starch layer in the 
centrifuge bottles w T erc scraped off. This starch was air-dried for use. 

Wheat starch was prepared by the method previously reported by 
Woodruff and Webber (pY from 1934 Fulhio wheat flour milled 
especially by a commercial soft-wheat mill for another experiment 
station project. Slight physical differences between starches sepa¬ 
rated from bleached and unbleached flours were found, but micro¬ 
scopic differences were negligible and photomicrographs only of 
unbleached flour starches are shown. 

FREEZING OF STAIK’H GELS 

Starch gels were made by heating suspensions containing 5 percent 
of starch by weight in a boiling water bath. The starch w 7 as first 
moistened with a little cold water in a conical flask. The boiling 
water w r as added and the flask swirled until a thermometer in the 

1 Received for publication Aug. 5,193*), issued March, 1936 A brief paper covering part of these findings 
was read before the food and agricultural di\ ision of the American Chemical Societ> in New York City m 
April 193. r > 

i Reference is made b\ numlier (italic) to Literature Cited, p 237. 
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paste reached the temperatures 70°, 780°, 85°, 90°, and 95° C. 
The pastes were poured immediately into molds and allowed to cool 
and set to a gel overnight.. One set of molds was placed in the 
freezing unit of an electric refrigerator where the lowest temperature 
reached bv them was —2° to —3°. After o or more hours they were 
removed from the freezer, allowed to thaw at room temperature, and 
examined microscopically. Another set of molds was packed in 
solid carbon dioxide and left for 1 hour, after which they were removed 
and allowed to thaw at room temperature. Samples were also frozen 
in liquid air but these were not different from the ones frozen in solid 
carbon dioxide. 

MICROSCOPIC EXAMINATION 

Specimens were remo\ed from the gels with a knife tip, special care 
being taken to avoid cutting the shreds in the frozen ones. The 
specimens were then mounted in water for microscopic examination. 
Photomicrographs were made with ordinary light at a magnification 
of 900 times. Polarized light was also used for the examination of 
each specimen between crossed nicols. 

RESULTS 

PHYSIC AL CHANGES IN GELS CAUSED BY FREEZING 

The following discussion is for the most part confined to the behavior 
of gels made by heating starch suspensions to 95° C. The cornstarch 
made a well-formed gel even at 77)° or S0°, but wheat starch did not 
until it was heated to a temperature of 9o°, for at the lower tempera- 
tuns some starch granules remained unswollen. 

The cornstarch gel after being frozen slowly where it reached a 
temperature no lower than —2° to - :t° (\ became coarsely fibrous with 
some radial orientation of the fiber-. It was spongelike in that water 
could be pressed from it without its losing shape and it greedily 
absorbed water again. It likewise absorbed water solutions of either 
iodine or of dyes. The original gel, on the other hand, was not 
penetrated by an iodine solution dropped on its surface; moreover, it 
was bluish white, pasty, uniform in consistency so far as the unaided 
eve could detect, and did not gi\e up water when pressed. It dried 
in air to a horny film which could be remoistened only with difficulty. 
The sponge of the frozen gel, pressed free from water, dried in air, 
giving a porous, fibrous, friable substance which absorbed water as 
easily when dry as it had when moist. The starch thus retrograded 
by freezing could be warmed with water and dispersed sufficiently to 
make a gel again similar in appearance to the original one, though less 
uniform in consistency. The freezing and dispersing were repeated 
many times without noticeable loss of power to form a gel. Even 
in gelatinized suspensions of 1-percent concentration instead of the 
5 percent used, the fibrous arrangement could be seen. 

Frozen in solid carbon dioxide, the gel changed in gross appearance 
much less; it retained most of its pasty appearance and though it 
gave way when pressed, no w ater came from it. It dried to a horny 
film very like the original gel. 

Wheat-starch gels frozen in the refrigerator were fibrous like those 
of cornstarch, but the sponge formed w*as not so tough and water 
could not he squeezed out so readily. They differed decidedly from 
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PLATE 1 



Photomicrographs of frozen cornstarch gels A, Gel before freezing, B, 1-porcent susjiension, frozen at —2° 
to -t° C , c, gel frozen m solid carbon dioxide, I), gel frozen at - 2° to -.1°. All \*ere gelatinized at 95°, 
all except B contained 5 iiercent starch X 900. 
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Plate 2 



Photomicrographs of frown htarch gels and of optic ilh aeti\e partirles m starch l \N heat starch gel 
before free/mg, B wheat starch gel frozen at to -i° ( ( cornstarch gelatinized at 7^° D, wheat 
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the frozen cornstarch gels in that they dried to a homy mass which 
did not readily reabsorb water. This point was noted by Holton/ 
wiio worked on a similar problem in this laboratory. Gels frozen in 
solid carbon dioxide w ere again more like the original ones and lacked 
the fibrous structure produced at —2° to —3° C. 

MICROSCOPIC APPEARANCE OF FROZEN GELS 

Freezing effected changes as pronounced in the microscopic appear¬ 
ance of gels as in the gross. Evidence of these changes is presented in 
plates 1 and 2. 

It w as not easy to show T the structure of a starch gel microscopical¬ 
ly. The swollen granules were very transparent after being heat¬ 
ed to 93° C 1 ., wore packed against each other, and their details 
were indistinct (pi. 1 , A). The remarkable change in appear¬ 
ance brought about in cornstarch gels by freezing is shown in plate 
1, C and D, which presents photomicrographs of a gel frozen in solid 
carbon dioxide and of one placed in the freezing unit of a refrigerator 
where it reached a temperature of only —2° to —3°. The very heavy 
veins in the latter seemed to correspond to the fibrous structure 
noticed on gross examination. Freezing more quickly at the lower 
temperature produced less change* in microscopic as well as in gross 
appearance, though veining of a light nature was apparent. 
Plate 1, B, shows that even in a 1-percent suspension, gelatinized 
starch was profoundly altered by freezing; long fibers are apparent 
there. 

Wheat starch became e\en more indistinct in outline than corn¬ 
starch when gelatinized at a temperature of 93° C. Plate 2, A and />, 
shows the wheat starch as it appeared in the original gel and after 
being frozen at —2° to —3°. Definite lines of reorientation are 
"visible in the latter though the heavy veins of frozen cornstarch gel 
are absent. 

Starch grains lost their anisotropy as soon as they swelled slightly, 
Very small, oval-round particles which transmitted polarized light 
could be seen, however, after birefringence had disappeared. These 
particles were somewhat visible at all temperatures of gelatini/ation 
though they were more plentiful and more distinct at temperatures 
under 9,3° (\ In many cases where particles occurred singly they 
showed a Brownian movement. A few such particles can be seen in 
the cornstarch gel previously heated to 9.3°, shown in plate 1, A, and 
a suggestion of their presence is to be noted also in the wheat-starch 
gel gelatinized also at 9.3°, of plate 2, A, though in the latter case the 
camera was focused on the outer boundaries of starch granules, hence 
these small particles were not in focus. Plate 2, C and />, shows 
these oval-round particles in com and w r heat starches which had been 
heated to temperatures of only 73° and 83° respectively. When 
slight pressure w r as exerted on the cover glass during the examination 
o f starch gelatinized at temperatures of 70° or somewhat above, such 
streams of these particles as are shown in plate 2, C , were often 
observed. Short chains of them under or on the surface of the 
swollen starch granules w r ere noted more frequently than the long 
streamers just mentioned. The wheat starch of plate 2, D, show's a 
surface on which such particles are visible in great numbers. 


a Holton, m. the effect op retrooradation on the subseqient gkiation of wheat htakch. 
I nimhlished muster’s thesis I’niv. 111. 1914 



236 Journal of Agricultural Research voi. 52 , no. 3 


The veinlike structure appearing in the photomicrographs of frozen 
gels, particularly of those frozen at —2° to —3° C., also transmitted 
polarized light. Likewise did dried slireds of frozen starch gels 
mounted without water (not shown in the plates). 

DISCUSSION 

Only a few investigators seem to have mentioned the appearance of 
frozen starch gels and no photomicrographs of them have come to the 
writers’ attention. Samec (8) dialyzed gelatinized and frozen potato 
.starch for soluble starch on which lie made determinations of phos¬ 
phorus. Baldwin (1) used freezing as a means of separating alpha 
and beta amvloses of potato starch. Reilly, O’Donovan, and 
Murphy (7) centrifuged the clear liquid from the fibers formed by 
freezing a .Vpercent suspension of gelatinized potato starch and re¬ 
covered an amylose on which to make molecular weight determina¬ 
tions. 

The literature contains several references to what might correspond 
to the o\al-round particles pointed out in the accompanying plates. 
Several investigators, Samec (#), Hanson and Katz (d), and HeSs and 
Rabinow itsch (4), in recent years have discussed cry st allin or micellar 
structure in line with the very early conceptions of starch constitution, 
llanson and Katz reproduced with drawings the arrangement of 
blocklike units in potato, arrowroot, and wheat starches, made 
suitable for observation by swelling with calcium nitrate. Hess and 
Rabinowdtseh photographed by cinematograph the material issuing 
from a punctured potato-starch granule. The irregular mass con¬ 
sisted of particles having a Brownian movement. Linsbauer (6*) has 
followed the gelatini/ation changes in potato starch w r ith a hot-stage 
microscope; his drawings, however, do not include such particles as 
are shown in this paper. There is at least a suggestion in the resem¬ 
blance in appearance of the particles of the accompanying photo¬ 
micrographs to the cellulose particles found by Farr and Eckerson (2) 
in cotton fibers, that the particles seen here in starch have something 
fundamental to do with the structure of the starch granule. 

The observation that gels showed a greater change in both gross 
and microscopic appearance at - 2° to —3° C. than they did at much 
lower temperatures, w^as in accord with a result of Katz’ (fi) work on 
bread staling. The staling process which is concerned w r ith changes 
in starch was found by him to pass through a maximum value at 
—2° to —3°, when bread was stored at temperatures varying over 
a wide range. 

A study of the photomicrographs made in the course of this investi¬ 
gation lead the writers to believe that the reticulation of the starch 
gels, frozen at —2° to —3° (\ and later thawed, may possibly have 
resulted from the association of micelles or aggregates which in turn 
had formed when the dehydration of the swollen starch granules by 
ice-crystal formation permitted the molecules to be drawn closer 
together through secondary valence forces. The explanation offered 
for lesser change at the still lower temperatures of solid carbon 
dioxide and liquid air is that less injury occurred with rapid formation 
of smaller ice crystals, and the temperature was, moreover, too low 
easily to permit of the physical changes of reorientation. Indications 
of this lie in the fact that if a gel, previously frozen in solid carbon 
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dioxide, was kept for many hours in the freezing unit of the electric 
refrigerator while its temperature rose it would assume practically 
the same microscopic, characteristics as the gel that had been all the 
time in the unit at —2° to —3°. 

SUMMARY 

Corn and wheat starches were gelatinized at temperatures ranging 
from 70° to 95° C. and gels of 5 percent concentration were then 
frozen at —2° to —3° and also at the temperature of solid carbon 
dioxide. After thawing they were examined for physical and micro¬ 
scopic changes. In gross appearance the frozen gels were very 
different from the original ones. At —2°, where the effect of freezing 
was greatest, the gel became like a fibrous sponge from which most 
of the water could be pressed. Other changes in physical properties 
also were noted. 

Photomicrographs are shown of corn and wheat starches which 
had been first gelatinized, then frozen. Veined areas appeared in 
gels after slow freezing at —2° to —3° C. Rapid freezing in solid 
carbon dioxide produced fewer changes both in the gross and in the 
microscopic appearance of gels than did slow freezing at —2° to 
— 3°. The veinings in the frozen gels were optically anisotropic as 
were also small oval-round particles seen constantly at different stages 
of swelling. 
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WATER SOAKING OF LEAVES IN RELATION TO DEVELOP¬ 
MENT OF THE WILDFIRE DISEASE OF TOBACCO > 

By K. E. Clayton 

Plant pathologist, Division of Tobacco and Plant Nutation , Bureau itf Plant 
Industry , United Slates J)< partment of Agriculture 

INTRODUCTION 

Loaf spot disoasos, popularly reform! to as rod rust, black rust, 
and white rust, have long boon a problem in Hie culture of tobacco 
(Nicotiava tabaevm L.), but until recently nothing was known as to 
either their cause or prevention. During the period 1917 to 192f), 
however, serious outbreaks of these leaf-spot diseases led to scientific 
investigations, and in consequence the two most important types of 
leaf spot were described respectively as wildfire (Bacterium tabacum ) J 
by Wolf and Foster (Wy and blackfire or angular leaf spot (Bart, 
avgulatum) bv From me and Murray (fl). Seed treatment, seedbed 
sanitation, and, in some localities, seedbed spraying were recom¬ 
mended as control measures. These pro\od \cry effective in elim¬ 
inating or greatly reducing the amount of seedbed infection, but they 
have not been effective in preventing destructive field outbreaks of 
leaf spot. 

The field epidemics occur late in the season and have been closely 
associated with certain weather conditions and fertilization and 
cultural practices. Recently there has been a growing tendency to 
question whether either Bacterium tabaevm or Bact. avgvlatvm is 
capable of causing destructive leaf spot epidemics in the field, and to 
regard this leaf break-down as, at least in part, a nonparasitic trouble 
due to unbalanced nutritional conditions, possibly assisted by over 
maturity of the leaf. In support of this view Valleau (14) has cited 
the fact that Bact. angulatvm when inoculated into leaves produces 
only very small lesions of a harmless nature, while field blackfire is 
characterized by large rapidly developing lesions that cause great 
destruction. In the earlier work, the fact that the organism could be 
isolated from the large field lesions and would produce-small lesions 
from controlled inoculations led to the assumption that it would also 
be able to produce the large type of lesion if suitable conditions were 
provided. 

Exactly the same situation exists with respect to Bacterium tabat urn 
and wildfire. Artificial inoculations with the organism have always 
produced lesions consisting of a small cential dead area surrounded 

1 Received for publication Sept. 10, 1935, issued March 1936. 

* Synonym, Phytomonai tabaca (W r olf and Foster) Bergey et aL 
a Reference is made b> number (italic) to Literature Cited, p. 26H 
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by a broad yellow halo (fig 1, -1), and these lesions require about a 
week to develop fully In the field, on the other hand, lesions of 
large size may appear in 2 or 3 days with little or no suggestion of a 
halo (fig 1, /?). The halo-tvpe lesions produced by artificial inocula- 



FioiTRfc l —A, Halo v> lldfiro Iass bns of this type result when young leaves are pricked with a needle 
diDped in a BwAcrium tabacum culture Note the small central dead area surrounded by a broad yellow 
halo, if. Epidemic wildfire These lesions are typical of those which developed m the field durine the 
leaf spot eputeini<* of 1W3 Note the large irregular dead areas with little or no evidence of halolaround 
the margins. 


tion have been regarded as typieal wildfire, but the exact cause of the 
large field-type lesions, referred to in this paper as “epidemic wildfire”, 
has been questioned by various writers. Thus as early as 1921 Chap- 
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man and Anderson (4) reported that in the Connecticut Valley they 
found much “rust”, which they suggested was probably caused by 
excess of nitrogen and deficiency of potash. Reference to a non- 
parasitic rust which might be confused with wildfire is also mado by 
Johnson and Fracker (11). Beach ( 1 ) has logically connected the 
nonparasitic blackfire suggested by Valleau (14) with the nonparasitie 
rust mentioned above, and he states: 

Nonparasitic spots, including what the farmers lia\c called “ruM” but referred 
to by pathologists as “blackfire”, often develop on the tobacco at maturity when 
the weather is ver\ wet. 

Thus, both in the southern tobacco region with Bacterium amjulatvm 
and in the northern region with Bad. fabacum , the leaf spot situation 
is complicated by the possibility that the destructive Inte-season epi¬ 
demics are in part nonparasitic. This view is supported indirectly by 
the failure of recommended control measures to give protection under 
field conditions, and directly by the fact that artificial inoculations 
with either organism produce* small harmless lesions (fig. 1, ^1) which 
fail to develop into any tiling resembling the large field lesions (fig. J, 
B)‘ No one, however, has been able to reproduce the large lesions 
under controlled conditions by either pathological or physiological 
methods. 

In seeking an explanation of this situation, the writer lias conducted 
work simultaneously with the bacteria mentioned and also with 
various fungi. The present paper, however, records only the results 
secured with BacUrium fabacum. 

The fundamental importance of this study lies in the fact that if tin* 
destructive, late-season type of leaf spot is not caused by an organism, 
then obviously the present control methods, which are directed at 
eliminating the organism, have no chance of success, and the entire 
problem of leaf spotcontrol must be reconsidered. On the other hand, 
if the organism can be proved to be an essential factor in leaf spot 
development, then the failure of the present control program can bo 
safely ascribed to inadequacy of measures recommended and not to 
misdirection of efforts. Obviously, the only way to prove definitely 
either the parasitic or the nonparasitic theory of the cause of leaf spot 
is actually to reproduce the large destructive type of field lesions under 
controlled conditions. 


METHODS OK STUDY 

The organism was isolated from material obtained in many localities 
and from lesions of widely varying appearance. Cultural and inocula¬ 
tion studies with these isolations showe'd no differences. The patho¬ 
genicity of all isolations decreased rapidly in artificial culture, but was 
readily maintained by frequent inoculation and reisolation. In¬ 
oculations were usually made with 6- to 10-day-old broth cultures 
diluted 10 times with w r ater. Wound inoculations were made with 
sharp-pointed glass tubes, leaving a small drop of the inoculum at each 
prick. Following inoculation the plants were incubated in a saturated 
atmosphere at a favorable temperature (70°-80° F.) for 48 to 72 hours. 
In prior studies the general practice had been to use very young plants, 
but in this work large plants were employed for both greenhouse and 
field studies. Since the different leaves of large plants do not respond 
in the same manner to infection, it was found advisable to classify 
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leaves as basal, middle, or tip. All measurements of lesion size 
refer only to the area of tissue actually dead. Nutrition studies in 
the greenhouse were conducted with field soils of low fertility to which 
tiie various nutrient salts were added in solution at weekly intervals. 

Field studies were conducted at the Arlington Experiment Farm, 
near Rosslyn, Va., and at Upper Marlboro, Md. At the former 
location the soil was a medium sandy loam of moderate fertility, and 
at tlie latter location the soil was a light sandy loam of low fertility. 
At Upper Marlboro there was available an extensive series of agro¬ 
nomic experiments which provided a wide range of nutritional and 
topping conditions. The disease was well distributed each year in 
these plantings, and the epidemic type of wildfire was general in 19TL 
The Upper Marlboro plantings provided an exceptional opportunity 
to study the influence of cultural and nutritional factors on disease 
development. The object of the work necessitated taking data in 
much detail, often as counts of the number of lesions and measure¬ 
ments of the size of lesions, leaf by leaf. Presentation of any con¬ 
siderable amount of these data is impracticable, and consequently in 
this report significant developments are summarized and supple¬ 
mented with representative data. The large volume of negative 
results secured during the early phases of the study will first be 
referred to very briefly. 

The Maryland Broadleaf variety was used throughout this work, 
and supplementary tests were conducted with Uonnectieut Havana 
and Cash, the latter being a strain of Orinoco. 

RESULTS OF PRELIMINARY EXPERIMENTS 

It has been suggested that the epidemic type of wildfire is due (1) 
to intensive dissemination of the organism by rain spattering plus 
high humidify, and (2) to excessive plant susceptibility induced by low 
topping and high-nitrogen or low-potash fertilization. During the 
first year and a half of this study, numerous experiments were con¬ 
ducted along these lines. 

Plants in the lield were sprayed with bacteria during the progress of 
rains to find whether intensive inoculation under supposedly favorable 
natural conditions would be effective. In the greenhouse, plants were 
similarly inoculated and incubated in a saturated atmosphere for 
various periods and at different temperatures. Excellent infection, 
as judged by the number of lesions, was obtained in both field and 
greenhouse experiments. This was favored by temperatures between 
70° and 80° F. and by incubation periods of 48 to 72 hours. The 
lesions that resulted, however, were all of the halo type, and conse¬ 
quently they bore no resemblance to epidemic wildfire. 

In other experiments, the effect of height of topping was studied, 
and it w as found that low tonping increased both the number and the 
size of lesions, but again all lesions were of the halo tvpe. Many 
infection experiments were conducted with leaves of different ages, 
with inoculations of both the upper and the lower leaf surfaces, both 
with and without wounding. Wound inoculations were positive under 
all circumstances. Without wounding, young leaves and lower sur¬ 
faces were more easily infected than were old leaves and upper sur¬ 
faces. The lesions secured were all of the halo type, and the results 
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tended to indicate that halo and epidemic wildfire are different, for 
in the field old leaves, and not young ones, were most severely injured. 

Extensive nutrition experiments were conducted with nitrogen, 
phosphorus, potassium, magnesium, and chlorine. The effect of both 
deficiencies and excesses of these elements alone and in combination 
was considered. High nitrogen consistently increased the number and 
size of lesions. High potash was more variable in its effect, in some 
experiments distinctly reducing the amount of infection and in others 
yielding negative results. Phosphorus and magnesium bad little 
effect on disease development. Chlorine in excess distinctly reduced 
the amount of disease in some experiments. However, none of these 
treatments altered the character of the lesions, all of which were* of 
the halo type of wildfire and consequently caused but little actual 
leaf damage. 

The one conclusion from these experiments was that epidemic wild¬ 
fire had not been produced by any of the methods tried. On the 
other hand, the failure to produce extensive leaf break-down could 
not be interpreted as proving the nonparasitic leaf spot conception. 
Rather, it appeared that the essential cause of epidemic wildfire 1 
might have been missed entirely, and later developments proved this 
to be the case. 

The first clue as to the real predisposing factor was obtained during 
the summer of 19311, when it was possible for the first time to follow 
the entire development of an epidemic of leaf spot that was associated 
with a seven* wind and rain storm. The storm occurred in August of 
that year. 

RELATION OF STORM-INDUCED WATER SOAKING OF LEAVES TO 
EPIDEMIC WILDFIRE 

FIRM) OBSERVATIONS 

During the storm of August 1933 numerous water-soaked areas 
scattered over the leaves were observed. As the strong wind and 
heavy rain continued, these areas increased greatly in number and 
size. Plants were partly tilted over by the wind, and the leaves so 
turned up became extensively water-soaked (fig. 2). There were 
noticeable differences in the amount of water soaking, depending on 
methods of topping and fertilization. These water-soaked areas 
were plainly the result of flooding of the intercellular spaces, and, fol¬ 
lowing the first violent phase of the storm, they persisted for some 
48 hours, until the weather began to clear. As the sun came out, 
many of these areas cleared up completely, but at the same time 
many others began to turn brown and die (figs. 3 and 4). Micro¬ 
scopic examinations showed abundant evidences of bacteria in the 
dying tissues. Isolations yielded practically pure cultures of Bac¬ 
terium tabaewn. The lesions that resulted were of the typical epi¬ 
demic type of wildfire, and the disease caused great destruction 
throughout the tobacco sections of Maryland and Pennsylvania. As 
a check on the question of whether the storm itself produced this 
destructive leaf spot in the absence of the organism, the writer fortu¬ 
nately had a disease-free plot of tobacco at College Park, Md. This 
plot developed no leaf spot following the storm, regardless of fertilizer 
or topping treatment. 
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ARTIFICIAL WATER SOAKING OF LEAVES 

As a result of the observations just described, the entire problem of 
epidemic wildfire was reconsidered. Water soaking had never been 
encountered in previous inoculation experiments, because the plants 
had always been dampened with a fine mist. Tests now showed that 
typical leaf w r ater soaking could be produced with a strong water 
spray. By using a coarse spray and holding the nozzle about 3 feet 
away, it was possible to produce large water-soaked areas on leaves 
laid against a padded board in K to 2 minutes. These treated leaves 
recovered without injury when they were not inoculated 

INOCULATION OF WATER-SOAKED LEAVES 

Inoculations made in the usual manner, except that, the leaves were 
previously water-soaked, yielded outstanding results. Figure 5 illus¬ 
trates the disease development in an experiment in which hahes 
of leaves were water-sprayed from above until scattered areas ap¬ 
peared, and the entire leaves were then atomized from below with a 
suspension of bacteria. The tissues that were water-soaked began 
to break down after 64 hours, when the plants were removed from the 
damp chamber, and large dead areas were soon formed which coalesced 
to produce the dead area shown. This was still enlarging when the 
photograph was taken, 9 days after inoculation. Obviously, although 
the water-soaked areas provided the starting points, the ultimate 
lesions extended far beyond the borders of the original water-soaked 
areas 

This same sequence also occurs under natural conditions; (I) the 
quick break-down of the infected, water-soaked areas, which takes 
place during the few hours following the storm, and (2) the more 
gradual extension of the lesions, which continues for as much as 2 
weeks. In contrast to this, the small halo lesions, on the side of the 
leaf that was not water-soaked (fig. 5), were not visible until about 5 
days after inoculation, and after a few days they ceased to enlarge. 
It seems evident that the secondary extension of lesions originating 
with water-soaked areas can be attributed to the mass action of the 
tremendous population of bacteria within the host tissues. Isolations 
show that, whereas without water soaking the bacteria remain confined 
to the tissues close to the point of inoculation, with water soaking 
large areas of tissue may be swarming with bacteria in as short a time 
as 30 hours. 

Since the major effect of water soaking was to increase the size of 
the lesions, it seemed desirable to measure this effect quantitatively. 
For this purpose 25 leaves were selected on plants of different ages, and 
one-half of each leaf was water-sprayed. Four water-soaked areas 
were selected on each treated half leaf and inoculated by pricking 
lightly in the center with a needle dipped in a suspension of bacteria. 
The half of each leaf not water-soaked was then inoculated similarly, 
and all were incubated as usual. Each experimental leaf was then 
outlined on a sheet of paper, and the location of the inoculations and 
the size of the water-soaked areas were indicated. Outlines were 
made of all lesions at 3, 7, and 16 days after inoculation. The results 
from all 25 leaves were similar, and are indicated by the detailed 
data from 3 representative leaves given in table 1. 
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Table 1 . —Results from Bacterium tabacum inoculations on leaf with and without 

water soak mg 




Size of lesions after Indicated number of days 

ige of loaf 

Lesion 

no 

Water-soaked and inoculated 

Inoculated onl> 



4 days 

7 daj s 

1(» dn\s 

3 days 

7 days 

10 da vs 



Sq in 

S q ill 

s <7 in 

S/ in 

S <7 in 

Sf/ in 


( 1 

(I 12 

0 45 



0 06 

o on 

^ oung 

I } 

i 

IX. 

09 

.44 

90 

i 5 S 


02 

(O 

02 


1 4 

14 




05 

05 


1 1 

00 

r >2 

1 25 

0 

06 

(M» 

Half grown 

j t 

09 

O) 

75 

2 18 

2 19 

0 

04 

04 

04 

04 


1 4 

1)4 

18 

1 (X) 

0 

04 

03 


{ i 

02 

10 

2 20 

0 

( ) 

( ) 

Mature 

1 2 

3 

01 

08 

09 

50 

1 30 

2 24 

0 

0 

( ) 

04 

0) 

ot 


l 4 

08 

75 

2 (X) 

0 

O 

0) 

area killed 


MO 

5 54 

20 22 

0 

*42 

42 

1 The 1 original legions coalesced to form 1 


^ r l ra< e 



The figures of table 1 show clearly how it is possible with the aid 
oi leal water soaking to produce typical epidemic wildfire. Note that 
with water soaking lesions of appreciable size had formed II days alter 
inoculation, while without water soaking no development was appar¬ 
ent at this time Alter 7 days, UK) percent o! infection had resulted 
from all moculutions, but the total leaf area destroyed was increased 
by water soaking 1,028 percent After 7 days there was no further 
increase in the size of the lesions on the half leaves not water-soaked, 
but the lesions with water soaking continued to enlarge, and at the 
end of 10 days the increase in area killed on water-soaked leaves 
was (5,2IS percent greater than that on leaves not water-soaked 
The lesions without water soaking were of the typical harmless halo 
type, and with water soaking they were of the quick-forming destruc¬ 
tive epidemic type. It is to be observed also that with water soaking 
leaves of all ages were highly susceptible, as indicated by the large size 
of lesions formed. Without water soaking the mature lea\es were 
most resistant, though the small size of all lesions indicates a high 
degree of resistance for the normal leaf at any age 

EFFECT OF SIZE AND PERSISTENCE OF WATEK-SOAKKI) ARE \ ON LESION 

DEVELOPMENT 

4 

Under natural conditions it has been observed that the water-soaked 
condition of many areas disappears in a few hours, and that when 
this occurs epidemic wildfire does not result. Both during the 
extensive storm of 1933 and during a more local but equally severe 
one in 1934, the water-soaked condition of the areas persisted for 48 
hours, and then, as the weather cleared, the break-down of tissues 
took place. Poured-plate isolations showed that after 15 hours the 
bacteria were well distributed throughout some of the water-soaked 
areas but were not numerous. Similar isolations after 30 hours 
showed an enormous multiplication in numbers. It seemed desirable 
to find out definitely whether large water-soaked areas tended to 
facilitate the formation of large lesions. The large areas persist 
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longer, as a rule, than the small ones, but the effect of persistence 
will be considered separately. In seeking to evaluate the direct effect 
of size of water-soaked areas, it was first shown conclusively that if 
large and small areas are generally inoculated by atomizing the entire 
leaf surface with a bacterial suspension the lesions resulting from the 
larger areas are much the more extensive, owing to multiple infections. 
It is probable, however, that under many field conditions the supply 
of bacteria is limited, and hence comparisons were made with large 
and small water-soaked areas inoculated a( only a single central point. 
In these experiments the large water-soaked areas ranged from % to 
1 inches in diameter and the small areas from % to }i inch. All inoc¬ 
ulations were incubated 4K hours, and the lesions were measured f> 
days after inoculation. The results are shown in table 2. 

Tahi i 2 Siz< oj U sinus in nlotion to siz( of umter-soukul mens 


M/e of lesions on leaves with 


J«urge w tiler soaked areas 

- — - 

Small water-soaked areas 

'lip | Middle 
leaves leaves 

Basal 

leaves 


Middle 

leaves 

Basal 
leav es 

Sq in | Sq in 

11 1 25 

1 OH | 

1 7 r> | * >7 

Sq in 

1 25 

1 50 

1 22 

St/ tn 

0 25 

29 

30 

Sq in 

0 25 

1 04 
% 

Sq in 

1 OK 

1 lt> 
92 


Records ot the check inoculations, without water soaking, are not 
included in table 2, because at the time data were taken they appeared 
merely as faint halos and no dead tissue was observed. The tendency 
of the large water-soaked areas to facilitate the formation of large 
lesions is quite apparent, and the data again point to the marked 
effect of the intercellular liquid in facilitating spread of the bacteria 
through the tissues. 

J he relation of persistence of the water-soaked areas to the develop- 
inent of epidemic wildfire was studied by water soaking leaves and 
then holding the plants for various periods in a saturated atmosphere. 
The water soaking disappeared as soon as the plants were removed 
to ordinary greenhouse conditions. The results, taken in terms of 
percentage of leaf area killed 11 days after inoculation, are presented 
in table 3. 


Tahlk 3.- h*i lotion of jnrsisteun of troti r-soak id arms to disease development 


2 

3 

4 

6 . 

A 


1/euf no. 


Percentage of leaf killed after I* 
11 days when water-soaked il 
areas were held for j i 


l^eaf no. 


50 hours 



8 ... 

9 .. 

10 .. . 
11 . 

12 . . 


Average 


Percentage of leaf killed after 
ll days when water-soaked 
areas were held for - 


10 hours 

24 hours 

50 hours 

Percent 

Percent 

Percent 

15 

50 

80 

« 40 

75 

75 

15 

75 

85 

ro 

80 

95 

5 

75 

85 

22 

47 

57 

- 
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Counts were made of number of lesions, and there were about as 
many with 10 hours’ as with 24 or 50 hours’ incubation. lienee, the 
differences in percentage of leaf area killed were the result of the much 
larger lesions that developed with water-soaked areas persisting 24 and 
50 hours. The great increase in leaf area killed occurred between 10 
and 24 hours, and a further increase from 24 to 50 hours had but little 
effect. The results obtained from this and similar experiments show ed 
that for the development of the destructive epidemic type of wildfire 
the water-soaked areas must persist for 24 hours or more after inocu¬ 
lation has occurred. Under field conditions, inoculation and infection 
may not occur for some time after the start of the storm, in fact, many 
water-soaked areas never become infected, and all traces of water 
soaking disappear. The persistence factor consequently is very im¬ 
portant, and, with both natural epidemics studied, water soaking 
persisted for about. 48 hours. 

EPIDEMIC W1LDFIKK REPRODUCED IN THE FIELD 

As a final proof of the relation of water soaking to epidemic wildfire 
development, this type of disease was reproduced in the field To 
accomplish this, plants were sprayed during the early stages of ordinary 
rainstorms until water-soaked areas appeared on the leaves. Part of 
the sprayed plants were then inoculated with Hactaium fabacum , and 
part were held as uninoculated checks Other plants were inoculated 
but not water-sprayed Figure (> shows epidemic wildfire that resulted 
from the combination of water spraying and inoculation Figure 7 
shows the healthy condition of similar plants that were water-sprayed 
but not inoculated Plants inoculated but not water-sprayed devel¬ 
oped the usual harmless halo spots. 

FACTORS MODIFYING SUSCEPTIBILITY OF LEAVES TO WATER 

SOAKING 

SURFACE OF LEAF EXPOSED 

It has been shown that when leaves are held in a firm position and 
a strong water spray is applied extensive water soaking can be pro¬ 
duced in one-half to 2 minutes. Under field eonditions, however, 
leaves do not become water-soaked so readily. In fact, only the 
severest storms produce any considerable amount of water soaking, 
and slight variations in the susceptibility of the leaves result in marked 
differenees in the amount of water soaking and henee in the severity 
of disease development. Observations during storms,indicated that 
water soaking was greatly facilitated when the lower leaf surfaee was 
exposed. The susceptibility to water soaking of upper and lower leaf 
surfaces was measured under controlled conditions. Half of each leaf 
was sprayed from above and the other half from below. Table 4 
gives the results from such measurements with two sets of leaves —the 
high-nitrogen leaves, which were very susceptible to disease, and the 
low-nitrogen leaves, which were very resistant. All the plants from 
w’hich the leaves were taken were topped low. Even during the severe 
epidemic of 1933 very little disease developed in the low-nitrogen plots. 
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Tvblf 4 — ft fifth re xuseephtnlity to water soaking of upper and lower leaf surfaces 
on htgh-nitrogen and low-nitrogen plants 
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The marked difference in susceptibility to water soaking between 
leaves from low-nitrogen and those from high-nitrogen plants is to 
he noted first, and the extreme resistance of the former expjjnns 
adequately their freedom from epidemic wildfire. The most rapid 
water soaking was secured with high-nitrogen leaves having the lower 
leaf surface exposed, the average time being 47 seconds. The same 
leaves, but with upper surface exposed, required an average of 
U3 seconds to water-soak 

In another experiment leaves were taken from plants given average 
topping and fertilization treatment As in the previous test, half of 
each leaf was sprayed from above and the other half from below 
However, the duration of the spray treatment was 1 minute from 
below and 2 minutes from above. The data were taken in terms of 
size of water-soaked areas (table 5). 
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surface 
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A comparison of average results shows that a 2-minute treatment 
of upper surfaces produced 11.3 square inches of water soaking, while 
a treatment half as long of lower surfaces gave 20 square inches. 
Similar experiments have been conducted with many lots of leaves. 
I^ower-surface exposures of equal duration have yielded water-soaked 
areas as much as five times as large as those obtained writh upper- 
surface exposures. Hence it may be concluded that if leaves are so 
turned that the under surface is exposed to the rain, water soaking is 
greatly facilitated. 

Earlier in this studx it was showm that the normal leaf, not water- 
soaked, is more reacfily infected by applying the inoculum to the 
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lower leaf surface, and that the upper surface of mature leaves is 
especially difficult to infect. In view of this, it seemed advisable 
to consider the effects of different combinations of water-spray treat¬ 
ments of upper and lower leaf surfaces with inoculations, as shown 
in table 6. This experiment was repeated several times with similar 
results. 

Table (> —Kfftrf of dtjfucnl combinations of waters pi ay and inoculation tnat- 
mnits on disiasi dcrclopnu nt m old and in young turns 
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Tn comparing results obtained with old and with young leaves, it 
is to be noted that, although all leaves w r ere equally water-soaked in 
the beginning and saturated air conditions were maintained during 
incubation, the water-soaked areas w r ere always retained more com¬ 
pletely by the more mature leaves. This difference is associated 
with slightly higher values for percentage of leaf area killed in the 
case of the mature leaves. The chief point brought out by table 
(), however, is that there is little relation between susceptibility to 
infection of the normal leaf and the development of epidemic wildfire. 
The old leaves that were infected with difficulty when not wafer- 
soaked were destroyed by the disease after water soaking even more 
completely than were the young leaves that were readily infected. 
Table f> shows also that, regardless of which leaf surface was W'liter- 
spraved and which was inoculated, all developed the epidemic t>pe 
of disease; the minimum of leaf area destroyed was 47 percent and 
the maximum 100 percent. Without wafer soaking, the same inocu¬ 
lations produced only the halo type of wildfire, and the minimum and 
maximum figures for area killed w r ere 0 and 3.5 percent, respectively. 

LEAF INJURIES 

In the field, after storms, water-soaked areas were frequently 
observed surrounding old wildfire lesions. Similar water-soaked.areas 
were noted about fresh mechanical injuries, but old injuries or insect 
punctures had no effect. Experiments under controlled conditions 
confirmed these observations and showed conclusively that both fresh 
mechanical injuries and wildfire lesions of any age materially reduce 
leaf resistance to water soaking. Toward the latter part of the 
summer medium- to small-sized wildfire lesions often are very 
numerous, and their function in supplying bacteria for further disease 
development is obvious. The data in table 7 show their importance 
in increasing susceptibility of leaves to water soaking. In this ex¬ 
periment pairs of adjoining healthy and diseased leaves from the same 
plant were compared. 
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TabIjK 7.-— Effect of old wildfire lesions oh the susceptibilii // of leaves to water soak mff 


I^OHf 

pair 

no 


Size of water-soaked area of leaf with- 


Upper surface 
spraxed 1* i min¬ 
utes 

Lower 

spra>ed 

surface 
*S minute 

Jveaf 

pair 

Diseased 

Healthy 

Diseased 

Healthy 

no 

leaf 

leaf 

leaf 

leaf 


St/ tv 

St/ tn 

Sq in 

Sq. tn 

1 

16 r » 

.1 2 

7 76 

7 75 

7 

8 0 

1 0 

1 7 :« 

6 7 

1 S 


75 

5 76 

1 0 

1 1» - 

1 6 25 

♦S 25 

4 0 

4 2 

to 

i 15 0 

7 5 

7 7 

:s 4 


1 11 0 

5 5 

12 5 

12 5 

j Average 


Size of water-soaked area of leaf with— 


Upper surface 
sprayed 1 1 2 min¬ 
utes 

Lower surface 
sprayed *4 minute 

Diseased 

Healthy 

Diseased 

Healthy 

leaf 

leaf 

leaf 

leaf 

Sq m 

Sq. in. 

Sq in. 

Sq. til. 

5 5 

3 2 

6 5 

2.0 

12 0 

4 5 

K 3 

9 0 

It) 0 

12 5 

17 0 

18.6 

12 0 

2 6 

11.0 

12.0 

11 1 

5.0 

l 

8 9 

7.7 


The 10 pairs of leaves used in this experiment were selected with 
special care to insure that they were as nearly alike as possible^except 
for the presence or absence of wildfire lesions. These lesions, how¬ 
ever, were neither numerous nor large. The outstanding-develop¬ 
ment was the marked increase in susceptibility of upper leaf surfaces 
to water soaking, as a result of the presence of disease lesions. This 
correlates with the field observation that diseased leaves often show 
extensive water soaking while adjoining healthy leaves are but little 
affected. 

Indirectly these experiments indicated that the intercellular water 
is driven in from the outside rather than exuded from the cells, and 
that many wildfire lesions which appear inactive are probably en¬ 
larging slowly, since otherwise they should behave in the same manner 
as old mechanical injuries. 


LKAF MATURITY 

When tobacco plants are either topped high or not topped at all, 
the basal leaves may be mature while the tip leaves are yet very young. 
These differences in leaf maturity have been associated with marked 
differences in the susceptibility of the leaves to water soaking and to 
epidemic wildfire, and, while nutrition affected the total amount of 
disease, it did not alter the base-tip relation Thus, field counts 
following the HKW epidemic showed in the low-nitrogen plots averages 
per plant of one basal leaf killed, the next two or three leaves severely 
injured, and from there to the tip a rapid decrease in injury to a bare 
trace. The upper three-fourths of these plants showed abundant in¬ 
fection, but the lesions were almost entirely of the harmless halo type. 
Adjacent plots that received no potash averaged four basal leaves 
killed and the next four or five severely injured, only the tip quarter 
of the plant escaping injury. These differences in wildfire injury on 
different portions of the same plant were clearly associated with 
differences in water soaking. The areas were much larger on basal 
leaves and persisted much longer. 

Susceptibility to water soaking of different leaves from the same 
plant w as measured in the usual manner. Table 8 shows the results 
from one experiment in which a half-minute treatment of the lower 
leaf surface was used. 
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I \bi h S Rilatu c susceptibility to untei soaking of basal , nmUlh amt tip lean 
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4 

21 { 

2 \ 
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4 

4 0 

1 0 
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4 " 
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- 
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J 1 
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The Jesuits given m table K show clearlv that tiom the base to tin 
tip of the plant the si/e ot the water-soaked areas dec leases rapidly, as 
does also the length of tune that the water-soaked condition persists 
These diflerenc es aie quite adecpiate to explain the observed dilleience 
in disease development Additional studies of the i el at ion oi leal 
inability were conducted try inoculating plants ot difleient ages in 
the gieenhouse and by making successrve plantings in the held In 
such tests the older plants were soveiehy injured bv the epidemic tvpe 
of wildfne, while the young plants, though treely minted, sullercd 
but little injury 

The data given m table S were sec ureel bv water spra\mg lower leal 
surfaces Tieatments applied to the upper leal surtacos Melded 
results quite as marked Thus in one experiment, in which a 4V 
second treatment was used, mature lea\es developed large water- 
soaked aieas that peisisted for an average period ot r > hours and r >0 
minutes The much smaller areas on the immature leaves persisted 
tor an aveiage penod ot 37 minute's In conclusion, it is to be not cm! 
that while young leaves tend to escape water soaking and hence 
disease damage, \et under very severe storm conditions both ynmg 
and old leaves mav become heavilv water -soaked When this 
happens, there is no ditfeience in the degree ot subsequent disease 
injury 

HHCtHT OF TOFPTNC, 

The height at which plants aie topped has a consistent and marked 
effect on then susceptibility to leaf spot It is prohat lc* that the 
primary effect of topping is on leaf maturity Thus as has been 
pointed out in the discussion of leaf niatuiity, plants that either are 
not topped or are topped high bear old leaves at the base and young 
leaves at the tip Topping hastens the maturity of the tip leave's 
that remain, and the lower the plants aie topped the greater is the 
t°ndeney for the lemaimng leaves to matuie together The effec t of 
such low topping on disease susceptibility is illustrated by a green¬ 
house experiment m which all leaves were uniformly watei-sprayed 
and inoculated, the results are summan/ed in table 9 
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TwtiJ U °f topping ott l((if \pot injury 


I^eaf area killed 


Ij<h at ion of Wanes on pi ints 


Hum* 

M iddU 
lip 


Low - 

High* 

Not 

topped 

topped 

topped 

Percentage 

Percentage 

Percentage 

79 3 

07 9 

7b 0 

81 7 

3b b 

43 4 

7 r > 4 

9 4 

7 1 


The low-topped plants averaged 0 leaves, the high-topped 13 
leaves, and those not topped 16 lea\es Infection was abundant on 
all leaves, and the differences in percentage of leaf area killed were 
due to differences in size of lesions. It is noteworthy that all the 
leaves of the low-topped plants responded alike to the disease and 
were highly susceptible, while in the other plants there were marked 
differences in susceptibility between the basal and the tip le^res. 

The effect of topping on disease was etpially marked in the green¬ 
house and in the field The data collected from the field plots at. 
Upper Marlboro, Md , following the epidemic of 1933, were of 
special interest 


T\m i 10 hi ft mint of topping on uildjnt <l< rdopini nt in tbt fit tit in WHS 
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killed 
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1 0 11 

75 

K00 

0 H 

10 
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1 2S 

! to 
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00 

", 
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1 IrfM 
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,r * 

1 

375 

Ob 

1 


1 I I»m lesion' meisnred It i<) sp Hi enough for full dexelopnient mam lesions were so dose together that 
Uu \ soon i odested 


The low -topped plants averaged 13 leaves, the plants that were not 
topped, ‘Jo leaves The figures for the average number of lesions per 
leaf are given because they show clearly that all leaves were freely 
infected, and the differences in disease loss were the result of the 
much larger size of the lesions on the leaves of the plants topped low. 
It is to be noted that in this field experiment even the basal leaves 
of the plants that were not topped suffered but little injury. 

Field observations indicated that the differences in disease suscep¬ 
tibility induced by topping were the result of differences in suscepti¬ 
bility to water soaking, which either facilitated or inhibited the de¬ 
velopment of the epidemic type of wildfire. Figure 8 illustrates this 
effect of topping on type of disease developed. To measure suscep¬ 
tibility to water soaking under actual field conditions, selected plants 
were treated with a power spray during the course of an ordinary rain, 
and counts of number of water-soaked areas persisting were made 
when the weather began to clear, 19 hours later, ^he average num¬ 
ber of areas on low-topped plants was 15.3 per leaf; on high-topped 
plants, 0.2 per leaf. In another test of susceptibility to water soaking, 
21 letves were picked from low-topped plants and an equal number 
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from plants that were not topped. All were subjected to a uniform 
water-spray treatment, and data were taken on both size and persist¬ 
ence of water-soaked areas. The comparative figures for water- 
soaked areas were as follows. For size: Low-topped, 15.45 square 
inches; high-topped, 7.15 square inches. For persistence: Low- 
topped, 5.8 hours; high-topped, 3.9 hours. The water spray in this 
experiment was applied to the lower leaf surface. Previous experi¬ 
ments had indicated that where deferences in susceptibility to water 
soaking were involved these differences tended to he greater with 



J-iwi kl k -„l, Halo wildfire on a plant that wus not topped li , Kpideinu wildfire on an adjacent low* 
topped plant Leaves on plants that are not topjwd water-soak with difficulty and, except under the 
most severe storm conditions, are but slightly injured leaves on low-topped plants water soak eusily 
and the areas persist, hence their susceptibility to the epidemic tyi>e of disease. 


upper leaf surfaces. The results of an experiment summarized in 
table 11 tended to support this view. 

T \blk 11 - Influence of topping on the susceptibility of liaces to uahr soaking 


•r - -v - - ri -— 

W ater-soaked areas 

j | W ater-soaked areas 
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Upper surface 
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0 3 2 5 

0 0 1 3 
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7 ' 19 3 111 
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The data presented in table 11 show that when the water spray 
was applied to the lower leaf surface the areas produced were twice 
as large on leaves from low-topped plants; when the upper surfaces 
were treated, the areas on leaves from low-topped plants were three 
times as large. The data show also the wide variation in size of water- 
soaked areas produced on supposedly similar leaves. Thus on leaves 
from the low-topped plants the range was from f>.3 to 30.0 square 
inches Wide variations such as this have been the rule in the field, 
when 4 they were first assumed to be due entirely to unequal exposure. 
Kv idently lea\ es that are close together and look alike may yet possess 
differences sufficient to ha\e a marked effect on the amount of water 
soaking. This explains why apparently similar lea\es may be either 
slightly or se\erelv injured by the disease. 

Before concluding the discussion of topping, attention should be 
called to several modifying factors that are operative under field con¬ 
ditions and that tend to increase the differences previously noted. In 
the first place, leaves on low-topped plants are stiff and brittle while 
leaves on plants not topped are thinner and more pliable. Conse¬ 
quently, leaves on low-topped plants offer a much firmer resistance 
to wind and rain, and, when they do bend, mechanical injuries are 
frequent. In the controlled experiments all leaves were held against 
a padded board and much care was taken not to injure them. This 
procedure 1 eliminated the field conditions mentioned. A second field 
factor, facilitating the water soaking of leaves on low-topped plants, 
was the tendency of these leaves to turn over in the normal course of 
growth, and so to expose the under surface. The counts from field 
plots given in table 12 indicate the comparative number of upturned 
leaves found under different fertilization and topping treatments. 

Tvhi.i 12. — Topping in rdatiou to nmnba of upturned haw* 1 on plants grown with 
nartou.s quant this of nitrogen 


Upturned lea\es 

Oil — 


Low 

topped 

plants 


V umber 

No nitrogen | 

| Regular nitrogen 12 

High nitrogen | 


1 Total for 40 plants m eaeh ca.se 

The counts of leaves turned up were the totals in each case for 40 
plants. Since there were twice as many leaves on the plants that 
were not topped, the actual differences, in proportion to total number 
of leaves, were much greater even than indicated in table 12. The 
greater susceptibility of upturned leaves to water soaking results in 
these being the first to develop, epidemic wildfire, and it is interesting 
to note that low* topping and high-nitrogen fertilization, the combina¬ 
tion that produces maximum leaf susceptibility, also produces the 
maximum of upturned leaves. This factor, then, 1ms an appreciable 
effect in making a susceptible planting even more susceptible. 


FMauts 
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Number 

0 

2t> 


Fertilizer treatment 
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FERTILIZATION 

In the nutrition experiments at Upper Marlboro, the development 
of wildfire has been consistently modified by variations in fertiliza¬ 
tion. The plots most susceptible to disease were those that were 
topped low and received a high-nitrogen fertilizer, those receding no 
potash, and those receiving no fertilizer at all Resistance was 
clearly correlated with low-nitrogen and high-potash iertih/ation. 
Figure 9 show^s the marked effect of fertilization on disease develop¬ 
ment. Just as in the ease of other factors, these differences ha\ e been 
associated with modifications in leaf-water relations, by both field 
observation and controlled experimentation. Table 13 clearlv shows 
the marked effects of fertilization on disease development. 
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Table 14 shows the susceptibility to water soaking of leaves from 
the above-mentioned plots. The a allies in each case are averages for 
five leaves, and the experiment was duplicated with similar results. 


Tabll 14 — Susceptibility of the Uavrs to watrr soaking as ajjtctid by ft rtilization 
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size of 
water- 
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bq m 
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11OUT8 

1 0 
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Sq in 

]J >S 

1/outh 

0 2 
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1 Average for 5 leaves* 


The correspondence between susceptibility to water soaking, as 
indicated either by the size or persistence of water-soaked aieas 
Stable 14), and disease susceptibility, as indicated by the percentage 
of estimated total damage (table 13), is so apparent as to require no 
comment. The only variation from the expected was that, with no 
fertilizer, water-soaking values were not so liigh as would be antici¬ 
pated. Additional evidence that fertilization modifies disease develop¬ 
ment through its effect on water relations may be seen in table 4 
where susceptibility to water soaking of leaves from high- and low- 
nitrogen plants is compared. The former were disease-susceptible 
and easily water-soaked, the latter disease-resistant and difficult to 
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water-soak The effect of Ingh-potash fertilization in retarding 
disease de\elopment and of low potash in promoting disease develop¬ 
ment has been mentioned, and this, too, is eonelated with water 



relations Thus it was found that in the absence of potash the aver¬ 
age size of the water-soaked areas was 28 4 square inches and their 
average persistence 3 2 hours, whereas when potash at the rate ol 
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240 pounds per acre was used the average size of the water-soaked 
areas was only 5.8 square inches and their average persistence 0.1 
hour. 

In conclusion, however, it is to be noted that these marked effects 
from fertilization were obtained at Upper Marlboro, with a very light 
sandy soil, and that the treatments indicated had been repeated for a 
number of years. Experiments elsewhere, with more fertile soils and 
with the different treatments applied to hi t a single year’s crop, 
failed to show marked differences in plant growth, in disease develop¬ 
ment, or in susceptibility to water soaking, except in the case of nitro¬ 
gen. Hence, while it may be safely concluded that excessive nitro¬ 
gen applications will generally produce increased susceptibility to 
wildfire, both the nature of the soil and previous fertilization evidently 
will determine the effectiveness of potash. For example, in Pennsyl¬ 
vania the soil type is such that plants absorb but little potash, regard¬ 
less of the amount applied. 


DISCUSSION 

This investigation, which was undertaken to elucidate the etiology 
of the destructive type of leaf spot that attacks tobacco in the Mary- 
land-Pennsylvania area, resolved itself into a study of the relation of 
storms to the development of epidemic wildfire. The relation of 
storms to the development of destructive wildfire epidemics had been 
reported inanv times and had been explained on the basis of dissemina¬ 
tion. Thus Chapman and Anderson (4, p. 7D early showed that the 
organism could be readily spread by rain spattering, and their explana¬ 
tion of storm effect was as follows: 

Jt tms been noted by all investigators of the disease ami by tobacco growers 
that rapid spread invariably follows heavy rains. When the raindrops fall on 
the diseased spots, the bacteria float out into the water and successive drops 
splash t hem to other leaves of the same plant or neighboring plants. If the rain is 
accompanied by wind, the drops are carried farther and the spread is greater to 
the windward of diseased plants. * * * These two agents (wind and rain) 

are undoubtedly the most potent of all the factors involved in dissemination. 

While tliis conception was generally accepted, certain other workers 
offered different hypotheses. Thus Johnson and Fracker (//,;>. IS) 
say: 

Storms, especially beating rains, however, have a very important relation to 
wildfire in that they favor infection to a high degree. The bacteria are often 
unable to infect leaves except through slightly wounded tissue, such as may be 
produced by beating rain, although with rapidlv growing toba* * o, moisture in 
itself often suffices for considerable infection. The factR are, generally, t hat heavy 
infection and damage practically depend on storms or continued rains. 

Still another interpretation of storm effect was given by Clinton 
and McCormick (7, pp. 887 , 888) as follows: 

The greatest injury comes just after the disease spreads over the plants chiring 
the period of wet weather and the sun suddenly shines again. The halo spots 
then turn to brown irregular burn-like areas. This transformation often takes 
place quickly and so probably is largely a mechanical injury to the badly infected 
tissues. 

The statements given in the last two quotations appeared in 1922 
find have not been referred to since then. More recently Boning 
(#, pp. 12-18) has advanced the hypothesis that rains affect disease 
development by modifying plant nutrition. He suggested that during 
dry weather nitrates accumulate in the surface soil, and that the rains 
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then wash the nitrates down to where the roots can absorb them. 
In this manner the nitrogen intake is increased and the leaves are made 
more susceptible. 

The negative results reported in the first part of this paper show 
quite conclusively that the development of epidemic wildfire cannot 
be adequately explained by dissemination, leaf injury, or nutrition. 
Inoculations, in which these and all other known environmental and 
plant factors were widely varied, always resulted in the formation of 
small dead areas, rarely more than one-fourth inch in diameter, which 
were surrounded by yellow halos Even large numbers of these halo 
lesions caused but little actual leaf damage 

The first definite clue to the factor responsible for the development 
of the destructive epidemic type of wildfire was the discovery that 
during \cry severe rain and wind storms numerous water-soaked areas 
appeared scattered over the leaves. These were external evidence 
that the intercellular spaces below were hooded. So far as the writer 
is aware, the only previous observation of these water-soaked spots 
was made by Valleau and Johnson (/£), who associated thenfhvith 
what they considered to be nonparasitie blackfire. The writer 
found that these water-soaked areas facilitated invasion by the bac¬ 
teria but that by far their most important effect w r as in facilitating the 
spread of the bacteria through the leaf tissues after infection had 
occurred This penetration was so rapid that large areas of diseased 
leaf began to wilt and die after 4S hours. The death of the diseased 
tissues was most rapid after the sun appeared, just as suggested by 
riinton and McCormick (?), but only because the sun hastened the 
necrosis Follow ing this initial rapid-dev elopment phase, the bacteria 
were able to invade and kill new tissues for a period of 10 to 14 days, 
and this resulted in a secondary and more gradual phase of lesion 
enlargement. 

It is of interest now to consider why the lesions of epidemic wildfire 
differ so materially in appearance from those of halo wildfire. The 
conspicuous feature of the latter is the yellow halo surrounding the 
small central dead area, and the confusion regarding the cause of 
epidemic wildfire was due (1) to the rapid development of the lesions, 
(2) to their large size, and (3) to the fact that they showed little or no 
halo effect around the margins. The halo is caused by the toxin 
excreted by the bacteria diffusing out ahead of the organism into adja¬ 
cent living cells and destroying the chloroplasts, as has previously 
been described ((>). Hence halo lesions result when the bacteria 
remain alive for some time in an area but are unable to rapidly invade 
and destroy the adjacent cells, thus giving the toxin time to diffuse 
out ahead. With the aid of water soaking, however, tissue invasion 
proceeds at such a rate that the adjoining tissues are killed before 
there is time for the development of halos. Thus the appearance of 
halo lesions, instead of being proof of parasitic activity, is really proof 
that bacterial invasion has been checked successfully by the host. 
In this connection it is to be recalled that the Bacterium tabacum 
toxin is able to produce halo spots on inoculation into the leaves of 
many plants, but the bacteria are able to parasitize only tobacco. It 
now T appears that they are able to successfully parasitize tobacco only 
under very special conditions, i. e., when the resistance of the leaf has 
been broken down by water soaking. Hence we have the unusual 
situation of a host that is higlily resistant to the parasite under all 
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ordinary conditions but which can be rendered highly susceptible 
through the action of beating rain. In addition to this major storm 
effect on host susceptibility, it is not questioned that spattering water 
aids greatly in the dissemination of the organism, and that this 
dissemination under favorable conditions for infection is a necessary 
factor in the development of the leaf spot epidemic. Growers have 
been inclined to attribute leaf spot damage directly to storms, but 
this is proved to be incorrect by the fact that, in the absence of the 
organism, leaf spot does not develop, regardless of storm severity. 

It has also been shown that such practices as high-nitrogen fertili¬ 
zation and low topping do not in themselves make plants susceptible 
to epidemic leaf spot but that by making the lea\es more susceptible 
to water soaking they act indirectly. High humidity, also, does not 
produce epidemic wildfire, but high humidity following water soaking 
helps to maintain the water-soaked areas, and epidemic leaf spot 
development requires that these areas persist at least 24 hours. 
Various other factors that affect disease development in the field have 
also been examined and have been found to exercise these effects by 
modifying water relations in the leaves. Thus, during epidemics of 
wildfire the leaves on the windward side of plants weie most severely 
injured, and this was supposed to be due to the greater exposure of 
these leaves to infection. What actually happens is that the wind 
bends the plants and turns up the leaves on the windward side so 
that under surfaces are exposed. These leaves then become heavily 
water-soaked, while leaves on the leeward side, with upper surfaces 
exposed, do not water-soak so readily. 

The mechanics of water soaking has not been investigated, but 
certain suggestive evidence may be mentioned. In the first place, 
leaves do not icadily water-soak when dipped in water or when 
exposed to a gentle spray, but a hard spray is very effective, indi¬ 
cating that it is not merely water, but forcibly applied water that is 
required. It is possible that beating rain might alter the perme¬ 
ability of interior cells and cause them to excrete liquid into the 
spaces. However, there are indications that the water may come 
from outside. For example, disease lesions and fresh breaks in the leaf 
surface are soon surrounded by water-soaked tissues, suggesting that 
the water was driven in through the openings thus afforded. The 
structure of the leaf indicates that the lower leaf surface would be 
more easily penetrated than the upper. The question of how low 
topping and high-nitrogen fertilization make leaves m< ■ e susceptible 
to water soaking has not been studied, other than to note that these 
treatments modify leaf structure materially. These problems can be 
definitely solved only by further investigation. 

It has been demonstrated that water soaking favors rapid spread 
of the bacteria through the leaf tissues, and this raises the question 
as to how this spread takes place. Hill {10) has reported that 
Bacterium tabaevrn moves in the form of a zoogloea, which would 
imply a rather slow penetration. It is probable, however, that he 
worked with the usual halo type of lesion. The writer has prepared 
sections of infected water-soaked tissues, and found the bacteria 
widely scattered through the intercellular spaces, with no indication of 
zoogloea. Hence it seems likely that under epidemic conditions the 
bacteria spread along the liquid pathways as free-swimming cells, 
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and (hat this is the reason for the resulting rapid and extensive 
disease development. 

Jn view of the dependence of epidemic wildfire on storms, the 
question naturally arises as to whether some other plant diseases may 
not he similarly influenced. A search of the literature has failed to 
disclose any evidence that the storm water-soaking relation has been 
observed by others, but several investigators have noted the role of 
intercellular liquid in facilitating infection and disease development. 
Thus Riker {1,1) found that, when he inoculated stems with Bacterium 
tumefaciens by wounding, the tissues around the wounds became 
water-soaked. The resulting galls never extended beyond the water- 
soaked areas. Similarly, Meier {12) reports that infection with Bad. 
cam pester was restricted to the margins of the leaves because only 
there did the hydathodes provide a liquid pathway for the bacteria. 
The writer, however, has previously reported (5) that infection with 
Bad. cam pest re occurs at any point on the leaf under some conditions, 
and that such epidemic outbreaks of black rot were preceded by the 
appearance of numerous water-soaked areas scattered over the leaf* 
The water-soaked areas in this case were formed during warm humid 
nights, without the aid of storms. The subsequent development of 
black rot lesions followed the course here described for epidemic 
wildfire. 

It seems likely that further investigation will show that the develop¬ 
ment of water-soaked tissues as the result of storms or other causes 
is an important factor in the epidemiology of a number of diseases. 
Kvidenee not yet published shows that this is true of another tobacco 
leaf spot disease, blackfire, caused by Bacterium angulatum. 

Several hypotheses advanced by other workers to explain resistance 
and susceptibility to wildfire are quite different from the conception 
herein presented, which is, briefly, that the normal tobacco leaf is 
highly resistant to invasion but that by water soaking it is rendered 
highly susceptible, and that various cultural and nutritional factors 
do not make cells more or less easy to attack but do make tissues more 
or less easy to water-soak. Dufrenoy (8) attributes to the host 
tissues ability to set up a definite defense mechanism and suggests 
that the lesions cease to spread because of phenolic, compounds that 
tre formed in the cells surrounding the lesions. However, the writer 
finds that under field conditions the tissues adjoining old lesions are 
\ery likely to be first invaded when a subsequent epidemic develops. 
This is correlated with the fact that the tissues adjoining old lesions 
are easily water-soaked; there is no indication that they are funda¬ 
mentally more or less susceptible. Boning (3) associates wildfire 
susceptibility and resistance with nutritional balance in the leaves 
but offers no satisfactory explanation of how so-called unbalanced 
leaf nutrition would be effective in inducing resistance and sus¬ 
ceptibility. 

The results obtained by the writer do not indicate that tobacco- 
leaf tissues differ to an important degree in their inherent suscepti¬ 
bility or resistance to attack by Bacterium tabacum, since if inter¬ 
cellular liquid is present all are about equally and completely sus¬ 
ceptible and if it is not present all are resistant. It seems, conse¬ 
quently, that apparent leaf resistance is merely a matter of disease 
escape, with water relations as the immediate deciding factor. Also, 
the assumption generally made that susceptibility to infection indi- 
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rates susceptibility to the epidemic type of disease does not hold. 
Young leaves were susceptible to infection but resistant to epidemic 
wildfire in the field because they were not readily water-soaked. 

In conclusion, it should be noted that, theoretically, effective wild¬ 
fire control can be accomplished (1) by eliminating the organism, 
(2) by protecting the plants from storms (as is actually done on a 
small scale where crops are grown under cloth), or (3) by securing 
resistance either directly or through resistance to water soaking. At 
present, with the organism generally distributed in most fields 
throughout the Maryland-Pennsylvania area, it may be safely pre¬ 
dicted that destructive wildfire epidemics will follow severe late 
summer wind and rain storms, and w^lien such epidemics occur the 
damage to the plants will be modified by the various factors that 
increase or diminish leaf resistance to water soaking. 

It is believed that the experiments herein reported adequately 
explain how Bacterium tabannn is aide to cause the usual and rela¬ 
tively harmless halo lesions and also the destructive epidemic type 
of the disease and show that there is no evidence of the existence of 
a similar nonparasitic leaf spot. 

SUMMARY 

Tobacco leaves are readily infected by Bacterium tabannn , but 
under ordinary conditions invasion is limited to small areas. The 
usual result of infection is a dead spot, one-fourth of an inch or less 
in diameter, surrounded by a yellow halo. These halo lesions do little 
damage, but have been regarded heretofore as typical wildfire. 

The destructive epidemic type of wildfire is characterized by large 
lesions that develop very quickly and show little or no halo efTect. 
The question has been raised as to whether this type of disease might 
be wholly or partly nonparasitic in nature. 

Inoculation experiments designed to reproduce the epidemic type of 
lesion by varying the nutrition of the plant through fertilization and 
topping resulted only in the halo type of lesion. In other experiments 
consideration was given to age of leaves, methods of inoculation, and 
incubation conditions, particularly temperature and humidity, but the 
lesions obtained were all of the halo type. 

Observations during storms showed that the tobacco leaves develop 
water-soaked areas owing to the flooding of intercellular spaces. 
When these areas become infected the bacteria multiply and spread 
through the tissues with extraordinary rapidity, and the epidemic 
type of lesion results. % 

Without water soaking, about a week was required for the develop¬ 
ment of the small halo lesions; but with water soaking, large epidemic- 
type lesions were produced in 48 hours. In controlled inoculations, 
water soaking increased the size of lesions by more than fi,000 percent. 

Large water-soaked areas tended to produce large disease lesions. 

Persistence of water-soaked areas for 24 hours or more was essential 
for epidemic disease development. 

With the aid of a power sprayer to water-soak the leaves, it was 
possible to reproduce the typical epidemic wildfire under field condi¬ 
tions. Susceptibility of leaves to water soaking, however, was found 
to be modified by many factors, and these differences account for wide 
differences in disease damage. 
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Exposure of the lower leaf surface greatly facilitated water soaking, 
as did also the presence of fresh mechanical injuries or wildfire lesions 

of any age. . , 

Mature hasal leaves became water-soaked more readily than did 

young tip leaves on the same plant. 

Ijow topping increased susceptibility of the leaves to water soaking, 
while topping high or not topping at all had the opposite effect. 

High-nitrogen and low-potash fertilization both increased suscepti¬ 
bility of the leaves to water soaking. 

There was little relation between susceptibility to infection of the 
normal leaf and the development of epidemic wildfire. Mature leaves 
were infected with difficulty when not water-soaked, but after water 
soaking they were more severely damaged than young leaves that 
were readily infected. 

Since all types of leaves were highly resistant to bacterial invasion 
when not water-soaked and highly susceptible when water-soaked, it is 
concluded that susceptibility and resistance to Bacterium tabacum is 
primarily a question of water relations, and that the halo typ% of 
wildfire is the response to infection of the normal leaf and the epidemic 
type of wildfire is the response of the leaf after its resistance has been 
broken down by water soaking. 

Epidemic wildfire in the Maryland-Pennsylvania area, conse¬ 
quently, is caused by Bad. tabacum , and its occurrence is conditional 
on storms of sufficient severity and duration to produce and maintain 
water-soaked areas on the leaves. The amount of water soaking, and 
hence the amount of disease damage, is modified by prevailing cul¬ 
tural and fertilization practices; low topping in combination with 
high-nitrogen fertilization, which is the practice in Pennsylvania, 
favors maximum disease development. 
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BEHAVIOR OF THE ORDINARY TOBACCO MOSAIC 
VIRUS IN THE SOIL 1 

By Ihmk A. Hougan, assistant professor of horticulture , and J\mek Johnson, 
professor of horticulture , University of Wisconsin , and agents , Division of Tobacco 
and Plant Nutrition , Bureau of Plant Industry , United States Department oj 
Agriculture 

INTRODUCTION 

It is fairly evident Hint control of the ordinary tobacco mosaic 
disease (tobacco rirus 1) (4Y may be accomplished with considerable 
success through the application of all of a number of precautionary 
measures that have been recommended for the purpose. These 
measures are directed chiefly against introduction of the virus into 
the field from various sources where it may be harbored for long 

K eriods, and also against further dissemination of the disease once it 
as gained entrance into the crop. The means by which the virus, 
once introduced, is spread in the field are comparatively well under¬ 
stood and may be prevented in considerable degree. The relative 
importance of the various sources of initial infection is, however, not 
so clear. The multiplicity of ways in which the virus may persist 
for prolonged periods apart from the living tobacco plant renders the 
problem a complex one, requiring intensive study in its various 
phases. One phase of the problem in particular need of greater 
consideration than has been accorded to it relates to the harboring 
of the virus in the field soil. 

The present paper deals with the results of laboratory and green¬ 
house studies on the persistence and inactivation of the ordinary 
tobacco mosaic virus in the soil under various conditions. These 
investigations have shown that the virus may survive in soils for 
periods of 1 year or more, but that it is subject to relatively rapid 
inactivation under certain natural conditions. This inactivation is 
not sufficient, however, to eliminate soil infestation as a factor in 
tobacco mosaic infection, the more practical aspects of which it is 
proposed to discuss in a later contribution from this laboratory. 

EARLIER INVESTIGATIONS 

A brief survey of the early literature dealing with overwintering of 
the tobacco mosaic virus is presented in a previous paper from this 
laboratory (6‘). Attention is called to the fact that, whereas the earlier 
observers of tobacco mosaic believed the soil to be a significant source 
of infection, the later trend of opinion was away from this conception 
and in favor of overwintering of the virus in perennial hosts, with sub¬ 
sequent dissemination by aphids. The latter hypothesis has now 
been practically eliminated, however, so far as ordinary tobacco 
mosaic is concerned (#). More recently, considerable emphasis has 

1 Received for publication Sept 18,1935, issued March 1938. Cooperative investigations of the Wiscon¬ 
sin Agricultural Experiment Station and the Division of Tobacco and Plant Nutrition, Bureau of Plant 
Industry, U 8 Department of Agriculture 
2 Reference is made by number (italic) to Literature Cited, p 294. 
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been placed on infection occurring during cultural operations through 
the use of contaminated tobacco by workers (7, 9). 

In 1929 Johnson and Ogden (6) presented data showing that the 
tobacco mosaic virus overwintered naturally in the soil under Wis¬ 
consin conditions, and that tobacco transplanted to heavily infested 
soils developed much higher percentages of infection than (lid similar 
plants set in \irus-free or slightly infested soils. While other sources 
of natural infection were recognized, such as tobacco or tobacco 
refuse, transferred by man, animals, or wind to seedbed or field, soil 
infestation was regarded as being of major significance. 

As a result of various tests performed in North Carolina, Lehman 
(?) also considered soil infestation to be responsible for some direct 
infection of the tobacco crop, though in his trials the proportion of 
plants becoming diseased was too low to account for the high per¬ 
centages of tobacco mosaic infection common to that section. 

The wide range of conditions under wdiich tobacco is grown may be 
expected to influence the origin and amount of mosaic infection in 
different districts. However, it appears clear that the dataflow 
available are not sufficient to permit definite conclusions to be drawn 
as to the relative importance of the various sources of infection in 
the epidemiology of the disease. 

MATERIALS AND METHODS 

The soils in which the behavior of the tobacco mosaic virus has been 
studied were chiefly “tobacco” soils. Some of these were Wisconsin 
soils, obtained in relatively large amounts from various parts of the 
State. In addition, representative smaller lots, up to three in number, 
were obtained from each of the tobacco-growing States through the 
courtesy of local, State, or Federal workers, to whom thanks are due. 
Several other types of soil were also used, including Superior red clay, 
peat, greenhouse compost, some very acid soils, and sand, so that an 
almost complete range was available with respect to physical proper¬ 
ties, chemical fertility, and reaction. 

All soils used are listed in table 3 under the name of the State from 
which they were obtained. Where lots were obtained from more than 
one locality in a State, they are distinguished by addition of a letter 
indicating the particular locality or other distinctive feature. For 
example, Tennessee (S) soil came from Springfield, Tenn., and Wis¬ 
consin (E) soil from Edgerton, Wis. Where more than one lot of soil 
was obtained from the same locality, designation is made by number, 
i. e., South Carolina (1), (2), and (3). The soils are listed in the table 
in order of their total colloidal content. The type to which each soil 
belongs is also indicated, together with certain other pertinent 
information. 

The material used as soil inoculum was collected mainly from 
tobacco plants infected with tobacco virus 1 in the field in September 
1934. About 12 liters of juice were extracted from diseased leaves 
and suckers and stored in a refrigerator at 5° C. until needed for use. 
In addition, considerable quantities of diseased roots, stubble, stalks, 
sucker stems, and leaves were cut up into small portions of the 
required size, the leaves in very small pieces, the other parts in 
sections about 1L inches long. These were thoroughly air-dried and 
stored in a dry cupboard at room temperatures to serve as stock 
material fairly uniform in virus concentration. 



Feb. 15, 1936 


Behavior of Ordinary Tobacco Mosaic Virus in the Soil 273 


White enamel refrigerator pans of about 5-kg capacity, with covers, 
were selected as containers for most of the experiments. . These pans 
were chosen, apart from their convenience in handling, chiefly because 
they allowed approximate reproduction of the conditions of soil aera¬ 
tion and moisture existing at soil depths of about 4 to 8 inches. Soil 
stored in the covered pans lost moisture only very slowly. The 
usual procedure was to place 2 kg of air-dried soil in each pan and to 
bring the soil to approximately one-third of the water-holding capacity 
by adding 200 ce of virus extract diluted to 1 to 1 with water, together 
with as much additional water as was required. Thus, the effective 
dilution of the virus in the soil lots was regarded as being about-1 to 20. 
After standing for suflicient time to allow, the moisture to be absorbed 
by the soil, the contents of the pan were turned out and thoroughly 
mixed by hand, in order to insure more even distribution of the virus. 
The pan and contents were then weighed and later brought up to the 
original weight at regular intervals by the addition of water. 

The dry plant tissues used for soil inoculum were merely added to the 
moist soils in the proportion of about 1 part to 25 parts of soil, and 
allowed to remain there until sampled. The infested soils were placed 
in storage according to requirements as to environment and tested 
every week, fortnight, or month for virus concentration. Various 
modifications of this general plan of experimentation were introduced 
according to circumstances, and these will be briefly discussed in con¬ 
nection with individual experiments. 

The presence and relative concentrations of tobacco mosaic virus in 
any lot of soil was determined by means of the local-lesion method, 
inoculations being made into JVicotiann (jlutinom or into the hybrid, 
N. (jlutinosa X N. tabacum (5). For the type of investigation planned, 
this method offers many advantages over the older method of inocula¬ 
tion to N. tabacum. Use of the hybrid in place of N. ylutinosa was 
also found to increase the range and reliability of the determinations 
and was adopted for most of the experiments. 

Tests of the concentration of virus present in a soil or tissue there¬ 
fore consisted simply of extracting a given volume or weight of the 
material with water and rubbing the extract over the leaves of young 
hybrid or Nicotiana glutinosa plants. Samples of soil for inoculation 
were usually taken by inserting a sterilized %-inch cork borer into 
the soil to a depth of 1 inch and ejecting the sample by means of a 
sterile glass plunger. The sample was placed in a sterilized test 
tube and 5 cc of water added. After two vigorous shakings, the 
soil was allowed to settle out for from 2 to 5 minutes and the super¬ 
natant liquid poured off into a watch glass and inoculated into the 
test plants. The average dry weight of soil samples taken by this 
method was approximately 1 g. When plant parts were used for 
soil inoculum, the samples were taken from the tissues themselves, or 
what remained of them following decay. These were necessarily 
estimated by volume, about 2 to 5 g, according to the tissue, being 
taken for extraction with 10 cc of water. Original extract used for 
control inoculations was usually stored at a dilution of 1 to 1 or 1 to 20, 
but was brought to a final dilution of 1 to 1,000 of the original strength 
just before inoculation. 

Counts of the number of local lesions on the test plants could 
usually be made on the third or fourth day after inoculation, in the 
case of the hybrid, these were based on the total number of spots 
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appearing on the three leaves showing the maximum amount of infec¬ 
tion (usually four or five leaves being inoculated on each plant), 
and in the case of Nicotiana glutinosa , on a similar five-leaf count 
Lesions numbering less than about 300 were usually counted ac¬ 
curately, while those above 300 were sometimes only estimated, and 
are then shown in round numbers in the tables. While the plants 
used in any one series of tests could be selected for uniformity of 
size and vigor, it was not alw ays possible to secure comparable plants 
for successive tests made on the same material throughout the year. 
This factor, together with the natural individual differences in the 
test plants, introduced considerable variation into the determinations. 
This was counteracted, in part, by making counts on selected leaves, 
and in certain cases by using two test plants for each determination 
and taking the average of the two readings. It is not believed that 
the method of extraction of the virus from the soil was responsible 
for much variation in results. The number of shakings, or the time 
allowed for the soil to settle did not appear greatly to influence the 
number of lesions obtained. That all the virus was not, of^burse, 
removed from the soil by this method could be shown by repeated 
extractions from the same sample. For the type of information 
sought in the present investigation, however, namely, the presence 
or absence of virus or a rough approximation of its concentration, 
the experimental methods used were considered satisfactory. For 
more detailed studies, these methods could no doubt readily be 
modified. 

EXPERIMENTAL RESULTS 

The data presented in the following tables for the most part illus¬ 
trate representative tests on the various factors under consideration. 
Slight modifications introduced into successive trials of the same 
general nature make it impractical to present all the data on which 
conclusions are based. 

influence of various fac tors on the behavior of the tobacco mosaic 

VIRUS IN THE SOIL 

Le4chinc. From Mosaic-Infected Tissues 

In planning experiments on the behavior of the tobacco mosaic 
\ irus in the soil, it may be assumed that the virus characteristically 
overwinters in the dead tissues of preceding crops remaining in the 
field after harvest. It is possible that the primary infection occurring 
on succeeding crops results entirely from a direct transfer of virus 
from such plant parts to the new crop. On the other hand, it has 
been the writers’ experience that the tobacco mosaic virus is quickly 
and easily extracted from dead tissues by water in contact with such 
material, and it seems likely that a similar condition occurs in the 
soil itself. Consequently, it may be concluded that soil in the imme¬ 
diate viemity of virus-carrying tissues contains virus that has leached 
out from the plant parts during periods of rainfall How far the 
virus may leach out and how r far it may be carried in soil water must 
depend upon a number of circumstances. Some simple preliminary 
experiments have shown that a large part, if not all, of the virus present 
m dead tissues may eventually be leached out and that it may be 
transported m this process for considerable distances, and by surface 
drainage presumably almost indefinitely. 
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In one experiment, 25 g of Connecticut soil was placed in each of 
six stoppered Gooch funnels to a depth of about 1 inch. The soil 
was soaked down with water, and dried infected roots, stubble wood, 
stalks, sucker stems, and leaf lamina, and living green leaves were 
placed in separate funnels on the surface of the soil. The plant parts 
were moistened, and the corked funnels allowed to stand in a warm 
greenhouse (about S5° F.) to favor rapid decomposition of the tissues. 
At weekly intervals, 5 cc of water was added to the plant parts and 
allowed to drain through the soil and out of the funnel, where it was 
collected and inoculated into hybrid plants. The results presented 
in table 1 show that considerable quantities of \irus were thus leached 
out from the tissues and were able to pass through the soil. When the 
soil filtrates no longer yielded infective material it w as no longer possi¬ 
ble to recover virus from the plant parts themselves by inoculation. 

Table 1 Leaching of tobacco virus 1 through 1 inch of Conntctu ut soil (^ > g) from 
various decaying tobacco plant tissues on the sod surjaee y following puiodu addi¬ 
tion of 5 cc of watei 
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In another experiment, soil columns 18 inches in height were used 
in cylindrical copper containers, and virus, added in the form of extract 
at a dilution of 1 to 100, was found to filter for this distance through 
soils of various types, though much more readily through sandy than 
through clay soils. To eliminate the possibility that the virus had 
followed an uninterrupted path along the walls of the containing 
vessels, another test was made in which* small collecting funnels were 
inserted into a soil column at different levels in such a way that the 
filtrate could enter the funnels only after passing directly through the 
soil for various distances. Inoculation of liquid collected from the 
funnels showed that virus had passed through the soil for all distances 
tested, in this case 2, 4, and 6 inches. It seems very likely that leach¬ 
ing of the virus from infected tissues in the field and the mixing of the 
soil due to preparation of the land for planting may result in a fairly 
uniform distribution of virus in the soil following heavily infected crops. 

From these and other considerations it seems reasonable to assume 
that the area of soil contaminated through leaching is likely to be a 
more significant factor in soil infestation than the actual concentration of 
virus in the dead plant tissues. For this reason, as well as for purples 
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of securing an even distribution of virus in the soils to be studied, 
infestation of soils was usually made with virus extract, though 
infected plant tissues were also used in several experiments. 

Soil Type 

Earlier tests by Johnson and Ogden (6) had indicated that the 
tobacco mosaic virus might remain active for a much longer time in 
some soils than in others. Aeration was suspected as being one factor 
influencing the longevity of the virus in the soil, and it was suggested 
that this might be related to the soil type. Consequently a preliminary 
experiment was planned, according to the methods already described, 
in which the behavior of the tobacco mosaic virus was studied in soils 
of different type. Seven representative soils were selected for the 
purpose (table 2) and placed in duplicate in 2-kg lots in the enamel 
pans. The soils were inoculated with 200 cc of virus extract diluted 
1 to 1 with water, and as a control, 2,000 cc of virus extract at a 
dilution of 1 to 20 was also placed in each of two pans. One stjjies of 
pans was allowed to stand in the greenhouse witli the covers off to 
permit free aeration and drying of the soil, whereas the other series 
remained covered. Both sets were stirred and brought up to weight 
witli water weekly, but the soil repeatedly became relatively dry in 
the uncovered pans in the intervals between weighings. 

Soil samples were taken at various intervals and inoculated to both 
hybrid ana Nicotian a glutinosa plants. The hybrid regularly yielded 
a much higher lesion count than did A 7 , glutinosa , and as a result the 
hybrid was used as test plant in most subsequent experiments, it 
should be stated that in the present experiment the N. glutinosa plants 
used for inoculation purposes tended to be somewhat older than most 
suitable for this work, and this fact may be partly responsible for the 
low counts obtained, especially in some of the earlier inoculations. 

Tahle 2.- —Relative rate of inactivation of tobacco virus 1 added in the form of extract 
to different moist soils stored at moderate temperatures in covered and uncovered 
pans 

I Cuns brought up to original weight at intervals by addition of water] 


Soil' 


Wisconsin (II).. 

South Carolina (2). 

Florida .. 

Ohio.. 

Pennsylvania. 

Connecticut. 

Tennessee (O) .. 

Virus extract (stored at 
I to 20 dilution)... 


Lesions on test plant ufter indicated period 


Pan 

co\er 

Aver¬ 

age 

weekly 
loss of 

On hybrid 

On Nicotiana glutinosa 


water 











0 

1 

2 

0 

1 

4 

7 

12 



week* 

week 

weeks 

week 1 

week 

weeks 

weeks 

weeks 


drams 

No. 

No 

No. 

No. 

No 

No. 

No 

No. 

/On. 

a 

600 

600 

500 

250 

65 

42 

70 

G8 

(Off. 

93 

600 

300 

76 

200 

27 

0 

0 


/On_ 

12 

700 

600 

400 

200 

60 

120 

6 

25 

\Off. 

167 

550 

350 

64 

175 

17 

o 

o 


/On. 

* 1 

500 

500 

500 

200 

44 

83 

7 

18 

toff. 

170 i 

350 

200 

300 

225 

3 

0 

0 

3 



4 

450 

125 

135 

85 

6 

12 

15 

totr. 

166 

1450 

102 

42 

49 

1 

o 

o 



5 

450 

80 

57 

25 

2 

31 

1 

1 

totr. 

104 

350 

0 

0 

55 

0 

o 

o 



8 

275 

315 

300 

94 

14 

21 

12 

14 

toff. 

Its! 

250 

60 

8 

45 

6 

1 

0 


/On.... 

5 

97 

36 

36 

2 

1 

6 

2 

5 

totr. 

149 

200 

0 

1 

27 

0 

0 

0 


/On. 

14 

275 

600 

600 

175 

*18 

0 

0 


loir. 

396 

194 

300 

300 

95 

42 

0 

0 



> See explanation of letters and numerals on p. 272. 
* Immediately after infestation with the virus. 
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Considerable variation will be noted in the number of lesions 
obtained in the duplicate inoculations from some of the soils made 
immediately after infestation with the virus (table 2). In spite of 
this variation, there is still some indication that the soils themselves 
may vary significantly in their immediate effect upon the virus. The 
reason for this is not clear, though at the time it was suspected that 
differences in adsorptive capacity of the soils might be partly re¬ 
sponsible. On the other hand, it is possible that the differences 
noted might be due merely to the difficulty of securing perfectly 
uniform distribution of the virus in the soil. However, further 
e\idence of a similar nature obtained in other experiments, to be 
discussed later, points to the existence of inherent differences in 
certain soils with respect to their immediate effect upon the virus. 

Subsequent inoculations from the different soils (table 2) showed 
a gradual inactivation of the virus in the co\ered pans in the absence 
of drying and in reduced aeration. More striking was the relatively 
rapid and complete inactivation that occurred in the uncovered 
pans, where the soil was exposed to drying and more complete aeration. 
There was also some indication that the rate of inacthation was 
slower in certain soils, e. g. Wisconsin ^B) soil, than in others, under 
the same conditions. Such differential behavior, however, will he 
more clearly demonstrated in later experiments discussed in con¬ 
nection with the aging or persistence of the \irus in different soils, 
(see tables 17, 1<S, and 19). The preliminary experiment suggests 
that several different major factors need to be considered as playing 
a possible part in the inactivation of the tobacco mosaic virus under 
natural conditions, namely, adsorption, aeration, desiccation, and pos¬ 
sibly microbial action. In subsequent experiments, attention has been 
given to these and other factors individually, while attempts have been 
made to maintain other conditions as constant as possible. 

ADSORPTION 

It is well known that charcoal and certain other substances of both 
organic and inorganic nature have a peculiar affinity for the tobacco 
mosaic virus, resulting in its partial or complete inactivation. This 
takes place presumably through adsorption of virus particles. It 
seems not unlikely that soils, varying greatly as they do in physical 
and chemical characters, might also exercise some adsorptive capacity 
for the virus. Indications that this might be so have already been 
noted in the marked variation obtained in initial lesion counts when 
virus extract was added to different soils (table 2). Accordingly, a 
more detailed comparison was made of the adsorptive capacity for the 
tobacco mosaic virus of 26 different soils, varying from light sands to 
heavv clays, with that of peat, charcoal, kaolin, kieselgulir, talcum 
powder, and glass powder. 

Since it seemed likely that the adsorptive power of the soil would be 
influenced by its physical structure, more particularly by the per¬ 
centage of colloidal material (clay) present, a physical analysis of the 
soils was made by the Bouyoucos hydrometer method (I). The per¬ 
centage of total colloids, silt, and sand in the different soils is shown in 
table 3, together with the pH value of each soil as determined by the 
electrical method, and the results of three tests of the adsorptive 
capacity of different soils for the virus. In the first of these tfets, 
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10 (( of concentrated virus extract was added to 100 g of air-dry soil 
ami allow ed to stand for 24 hours E\ti acts of soil samples were then 
made in the usual way and inoculated into hybrid plants In the 
second and third tests, 10 ec of virus extract at a 1 to f>00 dilution was 
added to 10 g ol soil, and allowed to stand for about 1 houi Ten 
( ubic centimeters of water was then adtled and the suspension filtered 
through filtei paper Still other tests were made in an attempt to 
compare the adsorptive rapacity of certain soils with that of other 
substances of known high adsorptive power Only selected results 
are presented in table 1 4, which shows a comparison of filtrates from 
New ^oik and South Carolina (/) soils, sand, talcum powder, and 
animal charcoal, following the addition of equal amounts ol virus 
extract to equal volume's ol soil or other substances 


Tam h 3 lype physteal analysts, and hydrogen-ion com nitration of the different 
soils iisnl in the mu stiqeition together tilth a comparison of the aelsorptne (opacity 
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I lot ida 
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do 
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i 
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1 t \pluu ition of let tt rs mid numerals on p 272 

T ah Li 4 Comparison if the adsor ptiu capacity of equal volumes of soils and other 
male rials fen tobacco urns /, used in the form of extract diluted to 1 to 1,000 



lesions ou 3 leaves of hybrid in 

Soil or material 1 

experiment no — 


New V ork 

Number 

At mber 

Number 

1( 

293 

117 

South ( arolurn (1 ) 

138 

61 

[ 

sand 

110 

1 

Talcum powder 

0 

0 


Animal charcoal 

*0 

0 


Virus extract onl> (1 to l ooo dilution) 

87 

78 

1 


1 Si«» explanation of numeral on p 272 
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In these preliminary trials there were again indications of some 
immediate effect of the soil on the virus, though there appeared to be 
little correlation with the physical character of the soil, or with the 
hydrogen-ion concentration (table 3). On the other hand, none of 
the soils approached the high degree of inactivation exhibited by 
charcoal and other finely powdered substances, such as talcum, glass 
powder, kaolin, etc. During these and other trials, it became evident, 
however, that consistent and significant differences existed between 
certain soils with respect to their immediate effect upon the virus. 
This is more clearly illustrated in table 5, which shows a comparison 
of the immediate effect upon the virus of five selected soils when wet, 
air-dry, and oven-dry. In this test, 15 cc of 1 to 500 virus extract 
was added to about 10 g of soil, followed later by 15 cc of water, mak¬ 
ing a final dilution of virus of 1 to 1,000. The liquid was then filtered 
through filter paper and inoculated to hybrid plants. The difference 
between the New York and West Virginia sods is clearly significant, 
and apparently too great to be accounted for on the basis of differences 
in physical structure. On the other hand, it will be noted that the 
original moisture content of the soil had no significant effect on the 
amount of inactivation of the virus when added in the form of liquid 
extract. 

It seems likely that some other, as ^yet undetermined, factor is 
involved in this rapid partial inactivation of the virus in the soil. 
For the present, it has not been thought necessary to investigate this 
particular phenomenon further. It will be shown later that this 
immediate partial inacti\ation bears no direct relation to the sub¬ 
sequent rate of inactivation of the virus following prolonged associa¬ 
tion with the soil For practical purposes relating to mosaic control, 
it seems legitimate to regard all soils as essentially similar so far as 
immediate inactivation or possible adsorption of the virus is con¬ 
cerned. However, the physical properties of the soil may influence 
certain other factors, such as rate of dessication, which in turn maj 
be indirectly related to adsorption phenomena; consequently adsorp¬ 
tion may still be significant in relation to the ultimate rate of inacti¬ 
vation of virus in the soil. 

Table 5 .—Comparison of amount of adsoiption of tobacco virus / added m the form 
of extract to different soils of varying types and reactions and of different moisture 
content 





Lesions on 3 leaves of hybrid from 




virus added to 

Soil i 

Total col- 

pH 




louls 

Oven-dry 

soil 

Air-dry 

soil 

\\ et soil 




Percent 


Number 

Number 

Nu mber 

Wisconsin (C) . 

17 4 

8 5 

130 

202 

144 

New York. _ . . 

33 4 

b 0 

225 

184 

IS] 

Tennessee (C). . 

39 0 

8 1 

55 

07 

10b 

Wisconsin (K). 

50 4 

5 4 

84 

50 

50 

West Virginia. ... 

4 K 6 

5 5 

30 

27 

19 

Virus extract only (1 to 1,000 dilution; 



. . . 

12b 



1 See explanation of letters on p 272 
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The untreated virus extract itself often produced fewer lesions on 
the hydrid than after addition to certain soils (tables 4 and 5). 
This situation has been observed repeatedly and is believed to be a 
consequence of one or both of two circumstances, namely, the reduc¬ 
tion or breaking; up of clumps of virus particles through shaking with 
the soil, or the result of the abrasive action of soil particles during 
the process of inoculation. 

SOIL UKACTION 

Although the tobacco mosaic virus has recently been shown to be 
active in extract over a wide range of hydrogen-ion concentrations 
(<V), it is conceivable that the reaction of the soil might have some 
influence on the immediate or subsequent inactivation of virus added 
thereto. The pH value of all soils used in this investigation was 
therefore determined by the electrical method (table 3) and checked 
by the Truog method, the latter giving slightly lower readings. 
The soils ranged from very acid (pH 4.8) to quite alkaline (pH 8.5). 
As shown in tables 3 and 5, there was no significant correlation, how¬ 
ever, between the hydrogen-ion concentration of the soils and any 
immediate effect upon the virus. Moreover, although, as will be 
shown later, the subsequent rate of inactivation of the virus was 
found to vary considerably in certain soils, again there was no consist¬ 
ent relation between inactivation and the soil reaction. 

A further test was made with two very acid soils obtained from 
western Wisconsin, in the vicinity of (lavs Mills (Wisconsin (G) soil) 
and La Valle (Wisconsin (L) soil). Two kilograms of each soil was 
placed ill each of four pans, and lime was added to each series in the 
proportion of 0, 10, 20, and 30 g per pan, respectively. The lime w as 
thoroughly mixed into each lot of soil, and the lots were inoculated 
with equal amounts of virus extract. The soils were brought up to, 
and maintained at, the same moisture content by means of weekly 
weighings. Soil samples were taken at intervals over a period of 17 
weeks and inoculated into A r icotiana glvtinom plants (table 0). 
Although the rate of inactivation of the virus appears to have been 
somew hat higher in the most acid lot of the La Valle soil, this was not 
so in the case of the (lays Mills soil, which was even more acid. 
Everything considered, it appears that the reaction of the soils did 
not exert any significant influence on the rate of inactivation. 

T\blk ft. -Kate of inactivation of tobacco virus 1 added in the form, of extract to 
two different soils maintained at various hydroyen-ion concentrations by adding lime 

|Soil kept in n moist condition and stored at moderate temperatures] 
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H 
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1 10 

‘ j 20 

7 58 

8 25 

55 

131 

62 

71 

278 
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18 

10 
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29 

34 

8 
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8.04 

85 1 
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240 

132 j 

25 

141 

28 

37 


II () 

4 HO 

51 

59 

247 

203 1 

77 

170 

75 

83 

W lsconsin (O) . 

' • 

7 43 

8 30 

22 

55 

43 

92 

147 

128 
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190 1 

1 

$ 

21 

24 

15 

5 


11 30 

8 33 

139 

71 

286 

183 

10 

70 

9 

13 

Virus* extract (1- 

1,000 dilution. 


18 

15 

176 

136 

13 

183 

i 


1 See explanation of letters on p. 272. * See footnote 2, table 2. 
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Soil-Moisture Content 


Perhaps the most variable factor to which soils are o> posed is that 
of moisture content. It was early suspected that this factor would 
have some effect on the longevity of the tobacco mosaic virus in the 
soil through its influence on microbial activity. It is well known that 
this virus will persist for years in dried plant tissues, but that in the 
presence of moisture and air, which permit microbial action, the virus 
will gradually become inactivated ((>). In the present connection, 
however, a quite different moisture relation is emphasized, namely, 
the immediate effect of dessication of the soil upon the virus. 

This effect was first observed in a preliminary experiment designed 
to test the relation of the soil-moisture content to the rate of inactiva¬ 
tion of virus added in the form of extract to the soil. Two widely 
different soils were chosen, one a South Carolina sandy loam (South 
Carolina (1)) and the other a black Wisconsin silt loam (Wisconsin 
(WO). Determinations were made of the water-holding capacity of 
each soil and 2-kg lots were then made up to, and maintained at, 
different moisture contents by addition of virus extract and water, 
as shown in table 7. The two lots planned as controls were kept in 
an air-dry condition and were consequently air-dried as soon as possible 
after addition of the virus extract. Inoculations made the following 
morning showed that the virus was already almost completely inacti¬ 
vated in both dried soils, although present in considerable quantity in 
all moist soils Subsequent tests made over a period of 17 weeks 
showed a gradual decline in virus concentration m the moist soils and 
continued, almost complete inactivation in the air-dry lots. W r hile 
there is some suggestion of variation in the rate of inactivation at 
different moisture contents apart from drying, within normal limits 
for plant growth, at least, this factor does not appear to be of major 
importance. 


Table 7 —Rale of inactivation of tobacco was 1 addid in the foj m of fxtuict to 
two differ (nt s oils stored al modi rati temperatures and maintained at various 
moist ure conUnts 
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1 100 
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333 
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104 
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87 

13 


75 

159 
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66 

43 

14 


\ r )0 
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328 

284 
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205 

58 

30 

14 


25 
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213 

334 
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31 
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1 See explanation of letter and numeral on p. 272 
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153 
126 

154 
207 

8 

73 

140 

128 

57 

0 

00 


1 See footnote 2, table 2 


* Air-dry. 


Various other experiments have been made to test this striking 
influence of drying on the inactivation of the virus in the soil. All 
have yielded results of a similar nature. Thus, exposure of red-clay 
soil (Wisconsin (R)) to drying for as short a time as 1 hour following 
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addition of virus extract reduced the virus content to at least one- 
fifteenth of the original amount, as judged by inoculations into hybrid 
plants. In sand the rate and percentage of reduction were least, 
whereas in other soils of intermediate type they were intermediate in 
this respect. This behavior suggests the possibility of some adsorption 
phenomenon coming into play during drying. It does not, however, 
eliminate the possibility that aeration plays some part in this rapid 
inactivation; consequently, further experiments were planned to test 
this relationship. 

Aeration 

The inactivating influence of oxygen on tobacco mosaic virus extract 
has previously been reported (d), and its relation to inactivation of the 
'inis in the soil lias been suggested (6‘). In soil studies, however, the 
marked effect of dessication on the virus necessitated the planning 
of more carefully conducted tests. Thus, various attempts have been 
made to separate the factors of aeration and dessication in different 
ways. ^ 

In one experiment, a soil rotator was devised, permitting constant 
stirring of the soil within a glass tube 4 inches in diameter, in which 
the amount of oxygen and atmospheric humidity could be approxi¬ 
mately controlled by drawing air, conditioned as desired, through the 
rotator. Kqually satisfactory results were obtained by placing smaller 
quantities (fi gj of soils in desiccators over either water or calcium 
chloride or sulphuric acid, and removing the oxygen when desired by 
means of pyrogallol potassium hydroxide or by displacement with 
illuminating gas (table S). In a‘third experiment, 2-kg lots of soil 
were used in enamel pans either cmered or uncovered, with daily 
regulation of soil moisture and stilling of the soil, where desired, over 
a period of 4 weeks (table 9). All methods yielded similar results. 
It became clear from these trials that, while the presence of oxygen 
may cause a definite increase in the rate of inactivation of virus 
extract in the soil o\er considerable periods, it can in no w r ay be held 
responsible for the immediate or rapid inactivation of the virus 
resulting from exposure of the soil to air-drying. It may be concluded 
that it is the actual desiccation of the soil that causes the rapid 
inactivation of virus extract present therein. It must not be inferred, 
however, that a similar behavior results on the part of virus present in 
organized plant tissues in desiccated soils. This situation will be 
discussed in detail later. 

1 able S ( ompaiison of the influence of oxygen and of desiccation on the 
inactivation of tobacco mrus l added in the form of extiact to three different soils 
(di sicca tor method) 


Condition of 
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Lesions on .1 leaves of hybrid 
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-4 -f W ater 

-f — Calcium chloride 

+ — Sulphuric acid . 
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< ontrol (untreated infested moist soil) 
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51 
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38 
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0 

0 
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0 

75 

Number 

8(> 

0 

0 

60 

55 

0 

01 

1 -fr present, - absent ' For 48 hours i This soil was not complete!} desiccated. 
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Table 9. —Comparison of the influence of aeration and drying , through regulation 
of air and water supply by periodic stirring and watering , on the inactivation o 
tobacco virus 1 m two soils in covered and unc wed pans 


[Virus added m the form of extract to 2-kg lots of soil] 
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Id 
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Soil Templkature 


Under natural conditions the soil is exposed to wide fluctuations in 
temperature, which might he expected to have some influence on the 
virus content of the soil On account of the high thermal death point 
of the tobacco mosaic virus, however, little direct effect of high soil 
temperatures is to be expected. Such temperatures are likely to be 
concerned chiefly with the rate of microbial activity in the soil and 
the resultant decomposition of infected plant tissues. Judging from 
the behavior of the tobacco mosaic Aims in extract at different 
temperatures, it might be anticipated that low soil temperatures 
would act in a preservative manner, preventing decay and generally 
prolonging the life of the virus. That this is not necessarily so will be 
shown in the following experiments, in which freezing temperatures 
in particular were found to cause relatively rapid inactivation of virus 
extract in the soil. 

A preliminary experiment was planned to test the relative rate of 
inactivation of the virus in two soils (Wisconsin (S) and Maryland 
soils) at a series of temperatures ranging from approximately 0° to 
40° C. (table 10). Virus was added to the soils in the form of extract 
and the soils were stored in a moist condition in 2-kg lots in covered 
pans, placed in incubators kept at constant temperature. Daily 
readings were made of the temperature of each incubator and were 
found to vary very little from week to week. The mean of the daily 
readings for each incubator is given in table 10. As a control, virus 
extract diluted to 1 to 20 with water was stored in small stoppered 
bottles, one of which was placed in eaWi chamber. 

At temperatures of approximately 5° to 30° C\, significant differ¬ 
ences in the rate of inactivation of the virus over a number of weeks 
were found to be either lacking or very slow to develop. At 40° (\, 
inactivation was distinctly more rapid in both soils, though not so 
evident in the extract, "the most striking effect, however, occurred 
at approximately 0° C., where the decline in virus content of both 
soils was even more marked than at 40° C., although the virus extract 
stored in bottles at that temperature showed no comparable change. 
It seems likely that the more rapid inactivation at higher tempera¬ 
tures was due to the rate or type of microbial activity. The inactiva¬ 
tion at 0° C., however, was more obscure and necessitated additional 
tests at low temperatures. ^ 
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Tablk 10 Influence of temperature on the rate of inaetwat/on of tobacco virus . 
nddfd in the form of extract to two different moist nous 
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1 
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72 

5x 
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04 
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' ^ee f«H»t not t" 2 table 2 
; 'spi e\plH?iJit'on of let tor on p 272 


In a second and similar experiment the same two soils were tested 
at three different temperatures below freezing (approximately —1°, 
10°, and —21° (’ ) m comparison with controls stored at approxi¬ 
mately 8° (’ (table 11) All soils were in a moist condition at the begin¬ 
ning of the experiment and were kept up to weight bv the regular 
addition of w ater, where required. The freezing of the soil, regardless 
of the actual temperature reached, caused relatively rapid inactiva¬ 
tion of the virus present therein, ns compared with the controls. 
The frozen soils appeared to be in a very dry condition, although still 
maintaining their original weight. This was heliex ed to be due to the 
low temperature causing the water to crystallize out of the soil in 
the form of ice. In subsequent experiments, therefore, various soils 
either partly or fully saturated with water were tested at tempera- 
atures below and a box e freezing, with similar results (table 12). It 
is evident that freezing causes relatively rapid inactivation of virus 
present in the form of extract in the soil, presumably as a result of 
desiccation of the soil and not as a direct effect of the low temperatures, 
since there is little effect on the virus itself at these temperatures 
when tested either in extract alone (tables 10, 11) or in plant tissues 
in the soil (tables 14, 15). It seems certain, therefore, that, under 
field conditions, such virus as leaches into the soil prior to the freez¬ 
ing of the soil must become largely, if not entirely, inactivated. 
Hence it may reasonably be assumed that in cooler climates any free 
virus present in the soil at the time of field planting has leached into 
it during the spring, whereas in tropical or subtropical climates this 
particular form of inactivation must be normally lacking. 
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Table 11 .—Influence of freezing temperatures on the rate of inactivation of tobacco 
virus 1 added m the form of extract to two different moist soils 


Extract in 


Wisconsin (S) soil i 


Maryland soil 

Water (stored at dilution of I 
to 20, tested at 1 to 1 000) 


Mean 


Lesions on 3 leaves of h\ bnd after— 


tern 

__ 
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ture 

o week ‘ 

1 week 

3 weeks 

5 weeks 

7 weeks 
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(° r ) 

No 

No 
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No 

No 
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( -1 4 
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M 

22 

7 

8 


1 99 

KM) 

92 

11 

2 
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_ 

j—20 0 
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15 

24 

2 

0 
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1 50 
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25 

27 
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I —9 9 

444 

180 

120 

78 

3 

1 
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I 

5 
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98 
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91 
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after first 
week 


25 
27 
It) 
112 
H2 
118 
241 
650 

200 


i See footnote 2 table 2 
* See explanation of letter on p 272 


Table 12 —Injluuue of freezing temperatures on the rate of inactivation of tobacco 
virus / added in the form of (xtraci to different soils eithtr partially oi fully sat¬ 
urated 
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200 


39 

16 



t londa soil 

-4 

7 to -19 

115 


19 

1 




( 16 0 

15 8 to 10 4 
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j -3 6 

- 3 1 to -4 3 

191 


62 

27 



N« w \ ork soil 

J-4 

7 to -19 

72 


52 

1 




l 16 0 

15 8 to 10 4 

55 


218 

94 




1 See footnote 2 table 2 
* Soil outdoors (Feb 4 to Mar 4) 


Microbial Action 


The extreme longevity of the tobacco mosaic virus in bottled liquid 
extract, without preservatives, and in dry plant tissues is an out¬ 
standing characteristic of this virus. The fact that the addition of 
preserv atives prolongs the life of the virus in extract suggests that 
such slow inactivation as occurs under these conditions may be due 
partly to decomposition of plant materials through microbial activitv, 
which may be expected to be retarded by the limited oxygen supply 
and by the toxic effect of the products of decay. Inactivation of the 
virus is more rapid in moist plant tissues than in bottled extract, 
perhaps on account of a more plentiful supply of oxygen favorable for 
microbial growth and also of the supply of cellulose and other sub- 
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stances available as a medium for microbial, particularly fungous, 
development. It has repeatedly been shown in this and other investi¬ 
gations that virus extract becomes inactivated only very gradually in 
the soil at moderate temperatures, and, as indicated in an earlier 
paper (ti), the \irus is inactivated even more slowly, if at all, when 
soil and \irus are brought together under aseptic conditions. This 
suggests that decomposition by itself may result in inactivation. 

Although it is believed that'much of the virus naturally present in 
the soil exists in the form of extract leached from infected plant tis¬ 
sues, the writers' experiments indicate that virus present in the soil 
in this form is subject to more vigorous types of inactivation than 
that remaining in plant tissues. Thus, tests of the persistence of 
virus in infected plant parts incorporated into the soil have shown 
that freezing does not cause inactivation of the virus present in the 
tissues (tables 14 and 1f>), nor does desiccation of undecayed tissues 
(table 14). According to the writers’ observations, the gradual loss 
of Aims from dead plant parts below the soil surface, under natural 
conditions, must result largely either from leaching out of the Vhrus 
or from decomposition, or, more probably, from a combination of 
both factors. 

The rate of decomposition of the tissues and of inactivation of the 
virus probably depends on a number of factors, such as the size and 
type of the plant parts (roots, stalks, leaves, etc.) and on the soil 
temperature, moisture, and air supply, as well as on the soil character 
and types of organisms present. In the present investigation, attempts 
ha\e been made to compare the extent and rate of such decomposition 
under different conditions by exposing various types of virus-infected 
tissue, such as roots, stalks, and leaves to decay at different temper¬ 
atures in a \cry moist atmosphere in the absence of soil (table 111), 
and under winter conditions in the presence of soil (tables 14 and 15). 

In the first experiment, dried roots, stubble wood, stalks, and leaf 
lamina, fresh green leaves, and virus extract were placed in separate 
glass beakers set on a layer of moist sand in each of five enamel pans. 
Four pans were kept closed, the fifth open (table 13). Both plant 
parts and sand were kept very moist by frequent addition of water. 
The pans were placed under different temperature conditions, as shown 
in table 13, and inoculations were made at intervals by the usual 
method from samples of the different materials. As might be ex¬ 
pected, decay of the tissues proceeded at a much higher rate at the 
higher temperatures than at the lower, and the rate of inactivation 
of the virus in the tissues appeared to be correlated w r ith the rate of 
decomposition. Thus, at a temperature of 2° to 3° C., the virus con¬ 
tent of the different plant parts remained very high, even after 20 
weeks, while at the highest temperature, about 39° to 41° C., at 
which decay was rapid, the virus content diminished iapidly. It was 
thought that virus present in the woody tissue of the large roots and 
base of the stalk might survive longer than that present in the more 
succulent leaf or sucker tissue. It was found difficult, however, to 
obtain strictly comparable data on this point, owing either to wide 
differences in concentration of the virus present in the tissues or to 
difficulties of extraction. Nevertheless, the results tend to indicate 
that the stubble and roots of the crop are no more likely to preserve 
the virus, by virtue of their size and composition, than is the leaf 
tissue under the same environment. 
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Table 13 —Rate of inactivation of tobacco vnu* 1 in lanous tobacco plant tissues 
allotted to decay natnralli / af diffutnl Umpuatmc s in f/tr absence of soil 

Number of lesions on 1 leaves of hybrid after indicated i>eriod resulting 
from \ irus from 


stubble wood 


Temperature range (° C ) 
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Table 14 — Rate of maetu at ton of fobatco tun s 1 in lauotts tobacco plant tissues 
placed m J moist soils and eeposed to ivintct conditions in Wisconsin 
[Wisconsin (S) soil (pH 8 2) and Wisconsin (I ) soil (pH 5 2) used 1 experiment begun Sept 27, 1914] 
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1 See explanation of letters on p 272 

2 Figures represent average of readings from 2 different soils 
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Tabll 15 -Rah of m activation of tobacio virus 1 in various tobacco plant tissuis 
placed m J moist soils and txpostd to irinhi conditions in \\ i scon sin 

[VV isrnnsin (S) soil (pH 8 2) nnd VV isuiimm (L) soil (pH 5 2) used,' pxperuncnl begun Dec 4, 19341 
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from 


Roots 


Stubble 
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In a second experiment, the various plant parts were added sepa¬ 
rately to two different moist soils (Wisconsin (S) and Wisconsin (L) 
soils) in (>-kg lots placed in open wooden boxes set outdoors in early 
autumn in a shelter and covered with heavy canvas; hence, they were 
exposed to considerable microbial action before winter temperatures 
set in. The soils were kept moist by regular addition of water. Inoc¬ 
ulations were made at intervals from the plant parts and from similar 
dried tissues kept as stock material (table 14). The volume of roots, 
stubble wood, stalks, and sucker stems taken as samples for extraction 
with 10 cc of water could only be roughly estimated, so that the rcla- 
ti\e value of the lesion counts obtained is less than in trials where 
measured quantities of soils were taken. Samples from soils infested 
with dried leaf lamina or with virus extract were taken by the usual 
cork-borer method. 

The results are significant chiefly in showing the period the virus 
may persist in plant parts exposed to decay under more or less natural 
over-wintering conditions, and at the same time showing that a gradual 
reduction of virus content occurs in the tissues. Virus was recovered 
from the plant parts in the soil as long as S months after the beginning 
of the experiment. At the end of this period, the tissues were in a 
partly decayed condition, though not so markedly so as in the pre¬ 
ceding experiment conducted in the absence of son. Freezing of the 
soil did not cause any rapid inactivation of virus present in the plant 
tissues. 

A third experiment, conducted along similar lines with the same 
soils but started later in the season (Dec. 4), at about the time of the 
first killing freeze, yielded similar results (table 15). It appears from 
these tests that the virus present in plant tissues below the soil sur¬ 
face is os resistant to inactivation as the tissue is to decay, i.e., some 
virus may remain in the tissues in moist soil until they are completely 
disorganized by decay, provided, of course, that excessive leaching 
out does not occur in the meantime. This was avoided in the present 
experiments since the soil lots w r ere protected from direct rainfall. 
No significant differences were observed in the effect of decay upon 
the rate of inactivation of the virus in the respective plant parts. 
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Preliminary tests have shown, however, that when virus-carrying 
plant tissues in advanced stages of decay are exposed to air-drying, 
the virus may be rapidly inactivated (table 16), presumably as a 
result of drying, as m the case of virus extract in desiccated soil. 
The problem of weathering of infected plant tissues on or above the 
soil surface may consequently be quite different from that dealing 
with the persistence of the virus in tissues overwintering beneath the 
soil surface. 

Table 10 —Influence of air-drying on rate of inactivation of tobacco virus 1 in badly 

decayed plant tissues 

[Tissues exposed to decay for 24 weeks at 2° 3° C l>eforo air-drying] 



Lesions on 3 leaves of hvbrid 
inoculated from 


Lesions on t leaves of hybrid 
inoculated from 

J issue 

Tissues air 
dried for 8 
da>s 

Tissues not 
air-dried 
(control) 

Tissue 

Tissues air 
dried for 8 
days 

Tissues not 
air dried 
(control) 

Hoots. 

Stubble v, ood 

Stalks 

Number 

2 

0 

0 

Number 

7b 

240 

400 

Cured leaf. 

Green leaf 

Number 

83 

11 

Ntimlx r 

f/iO 

600 


Sukvival Time 

Evidence has previously been presented (0) that the tobacco mosaic 
virus may overwinter in the soil, that is, strictly speaking, may survi\ e 
in the soil from the time of the first killing fall freeze to the time of 
planting in the spring. This period is naturally longest in the more 
northerly tobacco-growing districts. The maximum length of this 
period is usually not more than 8 months and may sometimes be 
considerably less in the North, while in southern tobacco-growing 
districts it may average less than 2 months. 

A number of experiments have been conducted to test the persist¬ 
ence of the tobacco mosaic virus in different soils under various con¬ 
ditions. Experiments have already been described showing the per¬ 
sistence of the virus for at least 8 months in different plant tissues in 
the soil when exposed to natural winter conditions in Wisconsin 
(tables 14, 15). The results presented in table 14 show that the virus 
is able to survive the overwintering period in small portions of infected 
tobacco plants and that considerable active virus is still present in the 
decaying tissues at planting time tha following spring. The data 
suggest that the roots and stubble of the plant are not more conducive 
to overwintering of the virus than is leaf tissue under the same environ¬ 
mental conditions. In the field, leaf tissue may in some instances be 
a particularly common form of virus-carrying refuse from both first 
and second growth. Consequently, it may follow that the actual 
amount of virus overwintering in plant tissues will depend greatly 
on certain cultural practices, such as time of plowing, and upon other 
environmental factors, e.g. precipitation, to which infected plant 
tissues are exposed. However, it is not proposed to discuss these 
more practical aspects in detail at present. 
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Other tests of the persistence of virus in the soil have been made, 
using; inoculum in the form of extract, which permitted a fairly uniform 
distribution of the virus throughout the soil. 

In one experiment, virus was added as extract in the usual manner 
to 2-kg-lots of moist soil in covered pans. Ten different soils were 
used, as shown in table 17. The pans were placed in a shelter out¬ 
doors in the early fall (Sept. 20) for exposure to natural winter condi¬ 
tions, and snrnples for inoculation were taken at intervals until the 
middle of the following February. The results presented in table 17 
are indicative of the general trend of subsequent trials in that no 
significant differences were apparent between most of the soils tested, 
though a few seemed to be definitely less favorable to the survival of 
the vims in the soil. The virus content of most soils remained at a 
high level for about 2 months and then dropped suddenly in all soils 
during December. This is believed to be a result of freezing of the 
soil (tables 10, 11, and 12), since the sudden decline was correlated 
with a marked drop in outdoor temperatures below freezing, as 
indicated in table 17. The experiment w r as then repeated with sbils 
stored at room temperatures and not. exposed to either freezing or 
drying. Ten of the more outstanding soils were selected on the basis 
of their behavior in previous trials, and these are listed in table 18. 
This table shows that inaethation proceeded considerably more 
slowly in the West Virginia and New York soils, for example, than in 
the Wisconsin ((') and Pennsylvania soils, but that it was slow in 
most soils as compared with pure sand. Similar results have been 
reported in earlier comparisons of sand and soil ( 6 ), but the theory 
previously offered that this phenomenon is related to aeration seems 
no longer tenable. 
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Table 18. Persistence of tobacco virus 1 added in the form of extract to different 
soils stored at moderate temperatures and maintained in a moist condition 


Soil 1 
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2 A\ eiage of 2 separate readings 
See footnote 2, table 2 


A further comparison of the West Virginia and Wisconsin (C) soils 
with sand is given in table 19. In this test, duplicate series were run 
at moderate temperatures, 4-months-old and fresh tobacco mosaic 
virus extract being used respectively. Again the rate of inactivation 
was lowest in the West Virginia soil and highest in sand, even when 
fresh virus extract was used, though in all cases the rate of inactiva¬ 
tion was higher for the old extract than for the fresh. Similar tests 
made at the same time with lots of sand screened to four different 
particle sizes revealed no difference in the rate of inactivation of the 
virus in the different lots. The reason for this peculiar effect of sand 
on the virus is not understood. 

Additional evidence of the ability of the tobacco mosaic virus in 
the form of extract to persist for long periods in the soil in the ab¬ 
sence of drying and freezing is presented in table 20. in this experi¬ 
ment, virus extract was added to nine different soils stored at room 
temperatures and kept in a moist condition. The rate of inactiva¬ 
tion was slow in all soils, and virus was still recovered from some soils 
as long as 12 months after the beginning of the experiment. 

It was not unusual to find that the ordinary tobacco mosaic virus 
had become attenuated in varying degrees in soils in which the con¬ 
centration of virus had become much reduced, that is, in soils yielding 
perhaps one to five local lesions upon inoculation to a hybrid plant. 
The presence of these attenuated forms could be demonstrated by inocu¬ 
lating soil samples into ordinary tobacco', which then developed systemic 
symptoms of varying degrees of mildness. Presumably, in this case, 
infection resulted from one or a few isolated virus particles, which had 
become attenuated in some way in the soil. That such attenuated 
forms represented strains of tobacco virvx 1 could be shown by inocula¬ 
tion back to the hybrid. It has previously been shown that similar 
attenuated strains can be obtained also from field soils ((?). 
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These experiments on the survival of the tobacco mosaic virus in 
the soil under laboratory and greenhouse conditions are believed to 
give sufficient evidence that the virus may persist regularly in various 
type 1 * ( >f soils and under various environmental conditions for periods 
of a year or more it is evident, however, that this survival is ac¬ 
companied not only by inactivation of by fai the greater portion of the 
virus originally present, but also by attenuation of virulence of a 
significant part of the remainder. While this high percentage of 
inactivation is very fortunate in connection with cultivation of the 
crop, it should be emphasized that after heavily infected crops the 
overwintering of only a small fraction (1 percent or less) of the virus 
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originally infesting the soil the previous autumn would yield sufficient 
inoculum to account for high percentages of infection on the crop the 
following year. 

DISCUSSION 

The greenhouse and laboratory experiments reported in this paper 
were not designed primarily in relation to the practical field aspects 
of the tobacco mosaic problem. It has previously been shown that 
the tobacco mosaic virus may survive the winter in the soil (6*), but 
little information has been available on its behavior in the soil under 
the various conditions to which it is naturally exposed. Consequently 
it was felt that a preliminary study of the individual factors which 
might play a part in the inactivation or survival of the virus in the soil 
were fundamental to a further study of the disease under field con¬ 
ditions. The results obtained have yielded an unexpected amount of 
information in certain respects and should not only aid materially 
in an interpretation of the apparently inconsistent behavior of the 
disease in the field, but also in the planning and conduct of further 
experiments relating to field control. 

Apart from field aspects, however, a number of observations have 
been made during the course of the experiments which may ha\e 
some bearing on the nature of the virus itself. Such phenomena as 
the behavior of the virus in sand, its rapid inactivation in soil, in the 
form of extract, as a result of desiccation and freezing, and its ap¬ 
parent sensitivity to these same conditions in severely decayed tis¬ 
sues suggest starting points for new lines of imestigation of a more 
fundamental nature. 

SUMMARY 

Greenhouse and laboratory experiments were conducted to de¬ 
termine the relative importance of various factors in the persistence 
or inactivation of the ordinary tobacco mosaic virus (tobacco virus /) 
in the soil. 

The virus was found to leach out readily into the soil from decaying 
infected plant tissues; consequently, the experiments were performed 
chiefly with vims extract or different plant tissues added directly 
to the soil. Representative soils obtained from the different tobacco 
districts of the United States were used in the investigation. 

Addition of virus extract to certain soils resulted in immediate 
inactivation of an appreciable amount of the virus, but in no case 
did this approach the high degree of inactivation caused by charcoal 
or other highly adsorptive substances, ^either did this limited type 
of inactivation appear to be correlated with the physical character 
of the soil, in the presence of soil moisture. Desiccation of the soil, 
however, resulted in an immediate, and usually complete, inactiva¬ 
tion of virus extract added thereto. The rate and degree of inactiva¬ 
tion during drying was correlated to a considerable degree with the 
character of the soil. It is possible that inactivation due to drying 
is related to adsorption phenomena. 

The degree of water saturation of the soil above a low minimum, and 
the range of hydrogen-ion concentration occurring naturally in soils, 
did not appear to affect the inactivation of the virus. Aeration evi¬ 
dently increased the rate of inactivation both directly and through 
its influence on microbial activity, but it operated relatively slowly. 
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Soil temperatures between 5° and 30° C 1 . did not appreciably 
affect the rate of inactivation of virus extract in the soil. At 40 C 
inactivation was definitely greater. Freezing the soil, however, 
caused rapid inactivation of virus extract in the soil, irrespective 
of the actual temperature reached, probably as a result of desicca¬ 
tion through freezing out of soil moisture. Neither freezing nor 
desiccation caused any appreciable inactivation of virus present in 
undecaved plant tissues in moist soil. Desiccation of severely de¬ 
cayed tissues, on the other hand, caused rapid inactivation of the 
virus remaining therein. 

Exposure of moist infected plant tissues to decay in the presence or 
absence of soil resulted in a gradual loss of virus content, though con¬ 
siderable amounts of virus remained in the tissues until they became 
completely disorganized through microbial activity. The rate of 
this decay was naturally affected by temperature, moisture, and 
other conditions; nevertheless, considerable amounts of virus re¬ 
mained alive in the tissues after 8 months’ exposure out of doors, when 
kept in soil and consequently not directly exposed to weathering^ At 
temperatures above freezing, virus extract persisted in moist, poorly 
aerated soil for a year or more. The rate of inactivation was, how¬ 
ever, definitely more rapid in some soils than in others, and was 
strikingly more rapid in pure sand than in field soils, for some reason 
not at present understood. 

It is believed that the results presented should have considerable 
bearing on studies and observations made on the overwintering of the 
tobacco mosaic virus under field conditions, as well as on the planning 
of field experiments on the control of the disease. 
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GROWTH, CHEMICAL COMPOSITION, AND EFFICIENCY 
OF NORMAL AND MOSAIC POTATO PLANTS IN THE 
FIELD 1 

By Winona E. Stone 

Assistant plant pathologist , Vermont Agricultural Experiment Station 
INTRODUCTION 

This puper presents a comparison of the growth, chemical composi¬ 
tion, and efficiency of healthy and mosaic potato plants (Solatium 1u- 
betoxum L.) grown in the field under the same conditions. In this 
investigation the daily efficiency of the lessened leaf spread of mosaic 
plants is paralleled with that of the much larger leaf spread of normal 
plants The problem is: Is a unit leaf area of a mosaic potato plant 
as efficient per day as a unit leaf area of a normal plant 7 To deter¬ 
mine this point two sets of data are necessary: (1) The daily size 
and increase in spread of foliage, and (2) the composition in green 
and dry weight, ash, carbon, starch, and sugar at the end of the 
measurements. 

WORK OF OTHER INVESTIGATORS 

The daily leaf spread had to he determined while the potato leaflets 
were attached to the plant. These measurements must he as accu¬ 
rate as possible if the results in yield, determined chemically, arc to 
have any \alue or meaning. Darrow (3) i measured strawberry 
leaves by three methods—leaf product, leaf matching, and adjustable 
platform planimeter. Correlation between extent of leaf surface and 
length times breadth of all three leaflets was accompanied by only 
0.2 percent error. Less accurate was the matching of leaves to pat¬ 
terns of known areas The third method, which consisted of insert¬ 
ing the leaf under cellophane and measuring with a planimeter, could 
be used successfully on attached leaves, as could the first method. 
From the standpoint of ease of manipulation and accuracy, the leaf- 
product method appears to be the most successful. Gregory (13) 
took three linear and two angular measurements on Cucumiu leaves 
and from these determined the area as for a hexagon. James (14), 
working with large numbers of plants, estimated areas by multiply¬ 
ing the average number of leaves by the average area of a w T ell- 
chosen sample leaflet. Vyvyan (24), using the attached plants as 
negatives, made prints of bean leuves and determined the area of the 
prints. Eisele (10) obtained the area of corn leaves by multiplying 
the length by the breadth by 75 ^percent. A somewhat similar 
method was used in this work. Stone (23), from length and breadth 
measurements, reconstructed potato leaflets on a large scale. The 
areas of these diagrams were determined by means of a planimeter 
and reduced to natural size. 

The chemical data on normal and mosaic plants, aside from those 
on yield at the end of the growth period, are fragmentary. Malhotra 
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(Id) found little difference in the percentage of ash of normal and 
mosaic potato tops. Freiberg (11) confirmed these results with to¬ 
bacco. Meyer (17) made the general statement that plants which 
4 tore starch abundantly contain little soluble reducing and nonreduc¬ 
ing carbohydrates in their leaves, while others which store no starch 
accumulate a high percentage of reducing sugars in their leaves. 
Dunlap (7, S, if) reported that mosaic reduced the percentage of re¬ 
ducing sugars, disaccharides, dextrins, starch, and pentosans. Brewer, 
Kendrick, and Gardner (2), Grandsire (12), Malhotra (W), and Schertz 
(22) found carbohydrates reduced in mosaic plants, or at least in the 
pale parts of diseased leaves. Dufrenoy ((>) claimed that mosaic in¬ 
hibited photosynthesis and reduced the sugar content of the leaves. 

The practical importance of mosaic lies in the reduced yield of 
plants affected by it. Orton (19) found that diseased plants were 
smaller and the yield was 22 percent less than that of normal plants. 
Wortley (2o) reported losses of 100 percent on 200 Triumph plants. 
Murphy {IS) recorded a 58 percent loss in 082 Green Mountain hills. 
Rosa and Zuckerman (21) planted tuber units of rugose and mthl 
mosaic plants for comparison with similar units of healthy plants. 
The rugose mosaic plants yielded 45.1 percent and the mild mosaic 
plants 57.fi percent as compared with the healthy plants. 

METHODS 

Green Mountain potato plants were started in the greenhouse. 
When of suitable size they were transplanted outdoors in a plot of 
heavy, wet clay soil that had been treated with ammonium sulphate 
and potassium nitrate. The plot was surrounded by a cheesecloth 
screen, II feet high, to exclude flea beetles and other insects. The 
plants were set 4 feet from the screen and 2 feet from each other in 
order to avoid shading. Whatever the effect, if any, of the cheese¬ 
cloth, it was shared equally by all the plants. Any insects surmount¬ 
ing this barrier were remo\ed by hand when the daily measurements 
were taken. 

Preliminary plantings were made from the tubers finally selected 
as seed, to determine the condition of the seed, but since it is not pos¬ 
sible to predict with certainty from one seed piece the condition of 
the other sprouts from the same tuber, the final plants differed in 
health from the trial plants. However, one normal strong plant re¬ 
mained in apparently healthy condition throughout the experiment, 
and four showing different degrees of mosaic were chosen for com¬ 
parison. Kacli plant was produced by a one-eyed seed piece and only 
one tuber shoot was allowed to grow\ 

No attempt was made to name the mosaic according to accepted 
nomenclature. Two of the plants were slightly affected with mosaic 
and two were severely affected. Chemical data on the mosaic plants 
were combined and are presented in two groups, data on slight mosaic 
and on severe mosaic plants. 

Measurements of the leaflets, made daily at 9 a. m., were begun on 
July 25, when the plants were 10 cm high, and continued until 
September 2 and 3. By that time the plants had reached the flower¬ 
ing stage and had completed their period of most active growth. 
Narrow strips of millimeter coordinate paper were used as measures. 
Three measurements were taken: Plant height, length and breadth of 
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each tip leaflet, and length and breadth of one of each pair of side 
leaflets, leaflets under 7 mm in breadth and 14 mm in length could 
not be measured accurately. The potato has a compound leaf com¬ 
posed of tip leaflet and two to four paired side leaflets. Throughout 
this work the tip leaflet was identified as leaflet a, the side leaflets 
as by Cj and d 9 from the tip to the bottom of the leaf. 

To convert the length and breadth measurements of the leaflets 
into areas, a table was compiled based on their relation to the area of 
a, rectangle of the same dimensions. As a leaflet ages it changes from 
a long, slender lance shape to an oval with a broad base. For example, 
the actual area of a leaflet 9 by 17 mm was found to be about 75 cm 2 
or f>() percent of 1.58 cm 2 , the area of a rectangle 9 by 17 mm, while 
the area of an older leaflet 50 by SO mm averaged 80 cm 2 , or 75 percent 
of 40 cm 2 , the rectangle area. A table was made up to include 
leaflets with all possible combinations of measurements. This table 
by actual trial was found to be as accurate as the method formerly 
employed by the author (2$) and could be used much more quickly. 

On September 2 and 3 the plants were removed from the plot. 
The green and dry weights of roots, tubers, stems, tip leaflets, meas¬ 
ured side leaflets, and unmeasured side leaflets were determined. 

In the following presentation of data the plant designated 1 was 
normal, plants 2 and 3 were slightly affected with mosaic, and plants 
4 and 5 were severely affected. Only five plants were used in this 
experiment, for although the measuring was quickly done when the 
plants were small and the leaves few, as the leaves became more 
numerous the time required for making and recording measurements 
rapidly increased to 2 or 3 hours. At the height of growth, over 1,000 
measurements were made daily. It would have been impossible to 
consider the data comparable had they been taken over a period of 
more than a few hours, which would necessarily have been the case 
had a larger number of plants been used. 

The official chemical method of Munson and Walker (/) was used 
in making the sugar determinations. Starch was determined by the 
use of Taka-diastase, according to the method of Davis and Daish 
(4), adopted by MeGinty (15). Ash and carbohydrate were the result 
of the ordinary combustion procedure. 

GROWTH OF PLANTS 

Figure 1 shows that the normal plant produced fewer leaves than 
any of the diseased plants, except plant 4, but the larger size of the 
normal leaves gave a greater actual surface exposed. The final area 
of the measured leaves of the normal plant was 2,000 cm 2 , and that 
of the measured leaves of the mosaic, plants averaged 920 cm. 2 The 
average area of the normal leaflets was 17.5 cm 2 and that of the mosaic, 
7 3 crn. 2 Decrease in leaf area and leaflet size followed closely the 
increasing intensity of the disease. 

Different*,es in growth of the plants in height did not appear to be 
significant (fig. 2) until stated in terms of percentage. The gradation 
from 650 percent total height increase in the normal plant to 14S 
percent in the most seriously affected plant was consistent with the 
observable severity of the disease. 
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The green weight of measured leaflets decreased with increasing 
severity of the disease (fig. 3) Green weight per square centimeter 
of leaf area varied, but the dry weight per square centimeter increased 



• <? 3 4 5 1*345 l?345 


ABC 

Hmkf 1 ( omparative final iiumlier ( t),area(#) and a\erage si7e {( f ) of all measured leaflets of plant 1, 

normal plants 2 and I, slight mosaic plant 4 and 5, sc\ere inosan 


with increase in intensity of the disease. Possibly this is an indica¬ 
tion ol the more compact arrangement of (‘ells in mosaic leaves which 
Dickson (e>) found 



Fhutre 2 —Ueight at beginning (A) and end (B) of period of measurement, and comparative total percent¬ 
age increa.se in height growth (O of plant 1, normal, plants 2 and 3, slight mosaic, plants 4 and 5, severe 
mosaic 


Normal leaflets and leaves grew very rapidly for a short time then 
more slowly. Diseased leaves differed mostly in the amount of 
growth. They also usually show ed an initial spurt, smaller to be sure, 
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and later they grew more slowly or not at all. Figures 4 and 5 show 
growth of comparable leaves and leaflets from normal and diseased 



1* Hit R* i 'I olal green weights of all measured leaflets ( 1), and the comparative green (B) and dry ((’) 
weights |>er unit of final loaf area of plant I, normal, plants 2 and 1, slight mosaic, plants 4 and r », severe 
mosaic. 


plants. Figure 5 indicates that growth in young mosaic leaves was 
not so far below normal as in older ones, shown in figure 4. The 




Fioi re 4 — Kach day’s growth of older normal and mosaic leaves and leaflets (percent; added to that of the 
previous day. Typical comparable normal and diseased leaves (13 in 1) and tip leaflets (13 A in B) 

growth of leaves was less rapid than that of their tip leaflets because 
of the much slower growth of the side leaflets. In 87 percent of all 
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the loaves measured the tip leaflet exceeded the side leaflets in growth, 
and in 5f> percent of the eases leaflet c showed the least growth. The 
tip leaflet is a continuation of the raehis of this pinnately compound 
leaf Growth appears to be greatest in the direction of the easiest 
flov\ of food material Pearsall and Hanby (20) thus explained 
greater tip-lobe growth in ivy 

In apparent opposition to the foregoing is the fact that in the leaflets 
growth in breadth exceeded growth in length almost without excep¬ 




tion The breadth-length growth relationship was more uniform in 
the normal plant 

In order to show the growth of the whole plant, the growth of every 
fifth leaf was plotted (figs t> and 7) In the normal plant (fig. 6) as 
grow th fell off in one pait of the plant it w as picked up by a younger 
part. All normal leaves showed the typical rapid initial growth, but 
only the earlier mosaic leaves showed an initial spurt. Especially in 
the severely diseased plant (fig. 7, B) grow th was without sequence, 
leaves 40 and 45 being larger and more rapid growlers simultaneously 
with leaves 20 and 25, while leaves 30 and 35 exceeded 40 and 45. 

Plant 2 (fig. 7, *4), slightly affected with mosaic, was intermediate 
between the severely affected and the normal planfs The initial, 
accelerated grow r th w as present in nearly all leaves but more subdued. 
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Growth passed on from leaf to leaf in an orderly maimer. In plant 2 
rather uniform and small sizes were attained by the leaves When 
last measured, leaves of the normal plant were still actively growing 
and ranged widely in size 



Fn.i it i* () bay by day area increase (cumulative) of a series of tip leaflets on tbe normal plant for the entire 

jienod of measurement 


Mosaic plants showed decreased daily leaf spread as well as smaller 
total leaf spread The relative efficiency of the plants was determined 
by chemical analysis 



Fn.i Rfc 7 Day-by-dav area increase (cumulative) of a senes of tin leaflets on a slightly inosaic-alTec ted 
plant, no 2(1) and a severely mosaic-affected plant, no 4 {H) 

CHEMICAL ANALYSIS OF PLANTS 


A summary of the results of the chemical analysis is presented in 
table 1. Data on the two s%htly diseased plants (2 and 3) are com¬ 
bined, as are the data on severely diseased plants (4 and 5). The ash 
content was higher not only in the leaves of diseased plants, as has 
been reported by other investigators, but also in practically all other 
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organs and m the entire plant Carbon varied little among the five 
plants analyzed Sugar and starcli content were quite generally 
higher in the normal plant 

I abi * 1 (mural usnlt s of chemical analyses of not trial and mosaic potato plants 


i »rt of plant and ton lit ion 

1 Oreen 
weight 

I)rv 

weight 

Ash cm 
dry basis 

C arbon 
on dry 
basis 

Sugar 
on elry 
basis 

Starch 
on dry 
basis 

leases 

(trams 

(rams 

Percent 

Percent 

Percent 

Percent 

Normal 

9( 20 

14 11 

lb 0 

IK 1 

5 4b 

b 14 

slight mosaic 

•HI 04 

10 12 

It S 

19 1 

1 01 

4 11 

severe mosaic 

11 17 

42 

J8 7 

17 2 

3 65 

1 71 

stems 







Normal 

r 4 91 

< 00 

IK 0 

32 ft 

7 10 

3 10 

slight mosaic 

r 5 1 1 

ft 50 

20 " 

12 3 

2 90 

2 40 

s» \ ere mosaic 

21 17 

2 70 

22 ** 

31 8 

1 10 

2 80 

I libers 







Normal 

T2 00 1 

11 2 r 

4 < 

IS ft 

fi 10 

bb 20 

slight m< saic 

4 K 

9 no 

f> K 

IK 2 

1 80 

r 3 50 

severe mosaic 

1 o I 

i i 

0 

3K 5 

h 50 

50 b() 

Knots i 







Normal ' 

( 0 

1 10 

21 2 

11 1 

( ) 


Slight mosaic 

" 91 

1 f 

24 2 

12 7 

( ) 

(') 

severe mosuc 

1 40 

59 

12 5 

r K 

( ) 

O 

Haul (entire j 





Normal 

129 Ml | 

4 90 

9 t 

r K 

( 10 

41 (HI 

slight mosaic 

rs oo 

r to 

14 8 

It) K 

1 10 

21 10 

sc \ ere mosuc 

91 40 1 

l r 10 

11 4 

in r 

4 70 

24 00 

1 hint (c vc ltisive of r nits 







Normal 

121 10 1 

r 1 00 





slight mosuc 

ro 09 1 

2 r rt 





Sc v e re mosaic 

90 00 

11 51 | 






' I oo snmll tc d< ternune 


Sirne the ash is made up hugely of the elements ahsoihed by the 
toots, the lelation of ash to loot weight indicates the efficiency of the 
loot V( cording to the data in table 2, the loots of the diseased plants 
weie capable of tihsoibing about 7f> percent as much pei unit of weight 
as weie healtln loots 

I mu l J ( mupiiriilui I flu II III V of i"nl\ of urn mnl nml imisnn \iiilnlii phiiil\ 


\ortnnl 
slight mosaic 
severe mosaic 


l)r\ weight 
of roots 

\sh in plant 

Ash i>ergrun 
of root dry 


weight 

< rums 

(trams 

(trams 

1 10 

2b 

4 0 

1 6” 

4 Ob 

2 4 

59 

2 01 

1 r 


The ptoportion of caibon was fairly constant both among organs 
of the same plant and in those of noimal and diseased plants, though 
the actual amount of carbon was much lower in the diseased plants. 

The distribution of carbon among the organs paralleled more or 
less the distribution of dry weight (table 3) Mottling had a marked 
effect on the intake of carbon dioxide, though the degree of mottling 
appeared to be unimportant The diseased plants accumulated about 
17 percent less carbon than did the normal plant for each 100 cm 2 of 
leaf surface exposed each day (table 4) 
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Tabif 3 Amount and distribution of carbon in ulatum to dry ueiqht of noimal 

and mosaic potato plants 


[ art of plant and con lit ion 


I en\ es 

Normal 
Slight rnosuK 
Sex ere mosaic 
Stems 

N ormal 
slight mosaic 
Severe mosaic 
Tube rs 
Normal 
slight mosaic 
Se\ere mosaic 
Hoots 

Normal 
Slight mosnc 
Severe mosaic 

II ints ^entire) 

Normal 
slight mosaic 
sp\ ere 1110 s uc 




Carbon as 

Drv weight 

C arbon 

Carbon on 

percentage 

as ]H»rcent 

dry basis 

of total 

age of total 


carbon 

dry w eigd t 

( ranis 

Ptrant 

Ptrant 

Pi rci nt 

r 4C 

38 I 

26 

Jf 

3 96 

30 1 

10 

37 

2 02 

37 2 

16 

36 

1 07 

32 8 

10 

11 

2 10 

12 1 

21 

24 

8( 

11 8 

15 

18 

12 00 

38 8 

62 

61 

1 44 

38 2 

34 

11 

2 44 

38 r 

4 r 

42 

43 

13 1 

2 

2 

5 r 

32 " 

i 

f 

22 

37 8 

4 

4 

20 70 

37 8 



10 0 r 

16 8 



r 54 

16 6 




Iabii 4 —( arbon in mrmal and nioseac potato plants in relation to leaf smfacc 

exposed pa day 


( ondition 

(trowing 

period 

Totil 
c arbon 

Carbon 
ac c lunu 
latcd 
per d i\ 

Lc af surface 
c \ posed 
o\ er grov 
ing period 

Surface 
exposed 
\* r day 

Carbon 
accumulated 
per 100 cm* 
of leaf 
surface 
l>er day 

Normal 

Slight mosaic 
severe mosaic 

Days 

40 

40 r 
17 

e,rams 

20 7t 

10 0 
r 4 

( rum 

0 2 
25 
15 

Square 

centimeters 

55 5< 1 
33 307 
17,556 

Square 
centimeters 
i 380 
822 
475 

Milligrams 

3" 3 

30 4 

31 6 


The leal aieas m tables 4 and 7 diflei from those m figure 1, for 
the latter includes the aiea of only the leaflets actually measured 
The presence or absence of the unmeasured twin was carefully noted 
for later determination of total loaf areas The method of obtaining 
the total and daily area exposed over a 3-day period shown in table 5 
was applied to the entire period of measuiement and thereby the 
figures m table 4, columns 4 and 5, were obtained. 

1 ahlf 5 —Data indicating the method of calculating the total and daily leaf area 
exposed o\ei a 1-day period for normal and mosaic potato plants 


( ondition 


Normal 
Slight mosaic 
Sev ere mosaic 


I eaf urea exposed on—* 

Total area 
exposed 

Average 

duly 

area 

exposed 

Aug 8 

Aug 9 

Aug 10 

Square 
centimetere 
783 64 
435 28 
272 26 

Square 
centimeters 
862 19 
402 03 
288 53 

Square 
centimeters 
920 36 
486 20 
312 61 

Square 

centimeters 

2 566 19 

1 383 51 
873 40 

Square 
centimeters 
855 40 
461 17 
291 13 


r »41h r ,— 3h 
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In comparing the daily efficiency of the leaves no account was 
taken of the fact that the length of day was less during the latter 
part of the experiment Since all plants were grown under the 
same conditions of soil, moistuie, temperature, and light, these 
external factors have not been considered in this investigation. So 
far as the individual plants were concerned these factois were con¬ 
stant, only the health ot the plants varied 

The area of the severe mosaic leaves was actually greater than 
that recorded since it was impossible to follow the contortions of 
the wrinkled surface Hence the severe mosaic leaves weie less 
efficient than they are here pietuied 

Diseased plants fell iar below the normal plant in the quantity 
of food manufactuied From table 0 it may be seen that not only 
the leave's but also the stems and tubeis, and indeed the whole 
plant, when diseased, manufactured and stored less starch and 
sugar, both m pel cent age and m weight Here, again, the severity 
of the disease had little apparent effect on the proportion of sugar and 
starcli in the plants ** 


r J aiu v (i hagai and staich (ontnit and distribution in nounal and mosaic potato 

plants 







— 

— 


^ sugar 




Sugar as 

Starch as 

I irt of pi int and condition 


St || ( h 

'Migir on 
*rv basis 

Staich on 
dry basis 

j>erc outage 
of total 

I>ercentage 
of totil 


| 



sugar 

stare h 

I caves 

(r remi 1 

Ora ms 

Pliant 

Pinmt 

A ret nt 

Pinent 

Norm il 

0 ' r H 

0 88 

o 40 

l 0 14 

24 0 

i 8 

slight rnosui 

il 

12 

l 01 

1 I li 

27 0 

7 7 

MUil IllOSllH 

19 

20 

1 5> 

1 71 

27 5 

5 7 

SU ms 

| 



| 



N annul 

11 1 

19 

" iO 

1 i 10 

13 5 

8 

slight mosaic 

19 

1<> 

2 90 

I 2 10 

22 0 

2 9 

Severe mosaic 

0*1 

OS 

i to 

1 2 80 

13 0 

2 t 

Tuber** 

1 




N arm il 

2 Oi 1 

22 00 

0 10 

20 

02 5 

95 4 

slight mosaic 

14 

4 8 2 

i 80 

53 50 

40 r > 

89 4 

seven mosuu 

41 

3 20 

0 50 

50 00 

00 0 

92 0 

1*1 ml (entire 







Normal 

i 2> 

21 07 

0 10 

i 4i 00 



slight mosaic 

HA 

> 40 

i i() 

1 21 10 



severe mosuu 1 

(.9 

i 48 

4 80 

24 00 

i 

i 


I 


Table 7 bears directly on the efficiency of a unit of leaf surface 
in relation to the storage of starch. The daily starch production by 
equal areas of foliage is markedly reduced in the mosaic plants 
Since the sugar m the leaves on the final day icpresented lor the 
most part the result of that dav’s photosynthesis, sugar content 
was determined on the basis of the final-day leaf exposure (table 8). 

T\hll7 Daily starch production pet unit aua of leaf exposed m normal and 

mosaic potato plants 


1 otal starch in— Starch produced perdi S * irc ^ produced per 100 cm* of loaf 
* * I per day 


Condition | 



| Tuber 

Hast of 
plant 

| Entire 
plaut 

luber 

Rast of 
plant 

b ntire 
plant 

r j uber 

1 Rest of 
plant 

F ntire 
plant 

Normal _ 

Ora ms 

Grams 

Grama ^ 

Gram 

Gram 

Oram 1 

| Milligrams 

l Milligrams 

Milligrams 

22 00 , 

i 1 07 

23 07 

0 55 

0 01 1 

0 58 

39 0 

1 2 1 

41 7 

Slight mosaic 

4 8 2 

58 

5 40 

1 1 

0J 

14 

14 0 

2 4 

17 0 

Severe mosaic 

! 3 20 

28 

3 48 

09 

005 

09 O 

18 9 

1 1 

20 0 
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Translocation, as well as actual manufacture, was slower and less 
complete in diseased plants. Figure 8 represents the percentage of 
the total starch and sugar content of the plant which remained in the 
tops at harvest. Mosaic-plant tubers received about 90 percent, 
whereas the normal tubers contained 95 percent. The diseased-plant 
tops retained an average of 51 percent of the total sugar of the plant 
as compared with only 37 percent retained by the normal tops. A 


0 10 20 




NORMAL 

SLICHT MOSAIC 

SEVERE MOSAIC 


A 



70 


SO 


NORMAL 

SLICHT MOSAIC 
_ SEVERE MOSAIC | 


B 

Figi ke 8 - Percentage of total starch ( 1) and sugar ( B ) remaining in the tops of normal and mosaic potato 

plants at time of har\ est 


smaller proportion of starch in tubers accompanied a larger propor¬ 
tion of sugar in the tops (table 9). The fact that, in the diseased 
plants sugar made up about 15 percent of the sugar-starch content, 
but in the normal plant only 12 percent, further indicated that trans¬ 
fer of {sugar and starch w as interfered wdth by the disease. 


Table 8— Sugar content of normal and mosaic potato plants per unit of final-day 

leaf exposure 


Condition 

Total sugar in 

- 

Final-day 

leaf 

exiKisure 

Sugar per 100 cm* of leaf exposed 

Leaves 

Rost of 
plant 

Entire 

plant 

Lea\ es 

Rest of 
plant 

Entire 

plant 


Gram 

Ora ms 

Grams 

iSq. cm 

Milligrams 

Milligrams 

Milligrams 

Normal 

0 78 

2 47 

3 25 

3,124 

25 

79 

104 

Slight mosaic. 

31 

53 

.84 

1,983 

16 

26 

42 

Severe mosaic.. 

.19 

.50 

.69 

SOI 

24 

bl 

85 


Table 9 .—Sugar in leaves in relation to starch in tubers of normal and mosaic 

potato plants 


Condition 


Normal. 

Slight mosaic.. 
Severe mosaic.. 


Starch in 
tuber per 
gram of dry 
weight of 
leaves 

Sugar in 
leaves per 
gram of starch 
in tubers 

Grams 

Gram 

1.54 

0 036 

.47 

.064 

.59 

.060 
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The carbon-analysis data of tables 1, 3, and 4 included the carbon 
of sugar and starch but did not include the small amount of carbon 
in the ash, about 10 percent. More detailed data on carbon are 
presented m table 10. The 1 percentage of total carbon which includes 
the carbon of the ash was even less variable than that of carbon as 
originally determined. However, the carbon of cellulose, lignin, etc., 
was quite consistently lower in the normal plant and organs. The 
normal plant kept more carbon in circulation in the form of sugar 
and available starch. The normal tubers showed a marked reduction 
in structural carbon. 

Table 10.- Carbon , including that in the axh> and carbon exclusive of that in the 
sugar and starch in normal and mosaic potato plants 


1'art of plant and 
condition 

< ’arbon 
in ash 
(about 10 
percent) 

Carbon as 
computed 

1 Total carbon, 

2 and 3 

Carbon in 
sugar and 
starch 
(about 37 
percent) 

I Carbon exclusive of 
that in sugar and 
starch, 5-7 

** 


* 

1 •' 

1 4 

ft 

6 

! 

7 

8 

9 

1/cau‘s 

Normal 

(tiam 

0.24 

Ora ms 
ft 40 

l'l ret nt 
38 1 

Grams 
ft 70 

Percent 

39.8 

Gi a ms 

0 01 

Grams 

5 09 

Percent 

f) 

Might mosaic 

17 

3 00 

39 1 

4 13 

40 8 

.27 

3 86 

38. i 

Sc\ cro mosaic 

Stems 

. 10 

2 02 

37.2 

2 12 

39.1 

.14 

1.98 

30 ft 

Normal 

11 

1 97 

1 32 8 

2 08 

34 7 

.23 

1.85 

30 8 

Might mosaic. 

. 14 

2 10 

1 32 2 

2 21 

31 5 

. 13 

2.11 

32. 4 

Severe mosaic . 
Tubers. 

00 

.81) 

1 31.8 

| .92 

31 l 

00 

.80 

31 8 

Normal _ . 

15 

12 90 

38 8 

13 Oft 

39 2 

8 89 

4.10 

12.2 

Slight mosaic 

(Mi 

3 44 

38 2 

3 ftO 

38 9 

1 91 

1 59 

37 7 

Severe mosaic 

Knots 

03 

2 44 

38 ft 

2 17 1 

38 9 

J 34 

l’ 13 

17 8 

Normal - 

01 

.43 

33 3 

40 

3ft 4 

0 

. 40 

yr. i 

Slight mosaic 

.04 

. ftft 

32 7 

59 

3ft 4 

() 


Ot) 

35.4 

Severe mosaic 
riant (entire) 

.01 1 

. 22 

37 8 

.23 

39 0 

0 

.23 

39 ! 0 

Normal 

Slight mosaic 

Severe mosaic 

.5.1 ' 
.41 1 
20 

20 70 
10 Oft 
ft. , r >4 

37. K 
3t» 8 1 
30 (1 1 
1 

21 29 
10 40 
ft. 74 

.18 S 
.18 .1 
.18 0 

9. 73 

2 31 

1 54 

It. 50 
8.1ft 
4.20 

21.1 
29.8 
27 8 


^ ields in the present study must be considered significant in spite 
of the small number of plants involved. } ields from diseased plants 
were low or not only because of the decrease in the size of the tops 
but also because the diseased tops were only about half as efficient 
111 producing tubers as were the normal tops (table 11). 


T\blk 11.- -( omparison of tuber weight in normal and mosaic potato plants 


Normal. 

Slight mosaic 
Scveie mosaic 


Condition 

Oreen 
w eight 

ltatio of tu¬ 
bers to tops, 
in grams 


Percent 

1.14-1 

— 

100 0 

.. -- - 

08 1 

.48-1 

— - 

79 4 

. 6ft: 1 


DISCUSSION 

From the data presented it is clear that mosaic exerted a consider¬ 
able influence 011 the grow th of individual leaves and on the manner in 
winch active growth proceeded. This was apparent both in total 
growth and in rapidity of growth. Some part of a normal plant was 
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always growing rapidly, and this region of active growth moved up 
the stem from leaf to leaf as the new leaves emerged, but in diseased 
plants this region of rapid growth was less apparent at all times and 
the rapid area increase could not be followed continuously from leaf 
to leaf. The mosaic plants produced smaller, and in some cases 
more numerous leaves, but the total area of leaf surface was consist¬ 
ently less in the diseased plants. 

The mere fact, however, that in each case mosaic plants were pro¬ 
vided with a smaller working leaf area would have no bearing on the 
efficiency of the leaves themselves per unit of area. Indeed, smaller 
leaves might be considered an advantage since they shade each other 
less and so receive a greater total amount of light per plant. In the 
mosaic pattern formed by healthy foliage some leaves or parts of 
leaves are always in the shadow, especially the larger ones towards 
the base. The advantage of better and more light apparently did 
not offset the disadvantage of subnormal chloroplasts, for the starch 
and sugar content in diseased plants was far below r that of a normal 
plant on a leaf-area unit basis. Even in the slightly affected plants 
in which the mosaic spots were not conspicuous the chloroplasts were 
incapacitated to a considerable degree and did not function so well 
in fixing carbon (table 4). The fact that the severely diseased plants 
seemed to fix more carbon per unit area than the slightly diseased 
plants may be explained by the inaccuracy of the measurements 
caused by the wrinkled surface. 

Functions in which chloroplasts are not involved seemed to be 
little affected by the disease. The ash percentage in the diseased 
plants varied little from that in the normal plant, indicating that 
roots are nearly normal despite mosaic on the above ground parts. 
These results seem to locate the detrimental effects of the disease 
in the leaves. 

SUMMARY 

Daily measurements were made from July 25 to September 3 of 
all leaflets on a normal potato plant, on plants slightly affected with 
mosaic, and on plants severely affected with mosaic. 

The mosaic plants tended to produce more leaves than the normal 
plant, but the leaf surface of the former was less than that of the 
latter, since the smaller number of leaves on the normal plant was 
more than offset by the greater size of the leaves. 

The mosaic plants lengthened more slowly than the normal plant, 
but gave the impression of greater height because of their spindling 
growth as contrasted with the stocky'growth of the normal plant. 

Green weight per unit area of leaves became smaller as the disease 
affected the plants more severely, but dry weight in mosaic plants 
was greater per unit area than in the normal plant. 

Growth in mosaic leaflets paralleled that in normal leaflets, but 
always at a slower rate. Mosaic leaflets did not show the marked 
early rapid growth of normal leaflets, and soon reached the limit of 
increase in area, so that eventually all the leaves were fairly uniform 
in size. Normal leaves, on the other hand, continued to grow steadily 
and maintained a variety of sizes. 

In both normal and mosaic plants tip leaflets grew more rapidly 
than side leaflets, and side leaflets nearest the tip grew more rapidly 
than those farther back on the leaf petiole. The growth <jf the 
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leaflets was aJwa.vs greater in width than in length, and their rate of 
growtJj was inversely correlated with their size, the growth rate 
decreasing as the area of the leaflet increased. 

Chemical analysis of the same plants which had been measured 
for growth showed an ash content lower in normal than in mosaic 
plants, but this ash content, in proportion to the dry weight of the 
roots of normal and mosaic plants, showed only a slight reduction in 
the absorbing ability of the root system of plants affected by disease. 

The carbon content in grams seemed to be determined by the size 
of the plant and varied accordingly, but the carbon percentage of 
the dry weight varied little in normal and diseased plants. 

The special contribution of the entire work, both on growth and 
analysis, lies in the data which show that mosaic, either slight or 
severe, reduces the efliciency of a unit area of foliage exposed, as 
measured by the amount of carbon dioxide fixed in the body of the 
plant as carbon or stored in the aboveground part of the plant or in 
the tubers as starch. The point to be emphasized is that the carbon- 
fixation apparatus does not work so efficiently in mosaic-affeKed 
plants as it does in normal plants. 
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ORIGIN AND PRODUCTION OF MORPHOLOGIC AND 
PATHOGENIC STRAINS OF THE OAT SMUT FUNGI BY 
MUTATION AND HYBRIDIZATION 1 

C S Holton 

Agnit , Division of Ctnal C/ops and Diseases, Bateau of Plant Industnj, l nitid 
Statfs Department of Aqticultun 2 

INTRODUCTION 


The phenomenon of physiologic specialization in the oat-smut 
fungi, Ustilago arenae (Pers.) Jens, and V. levin (Kell and Sw.) 
Magn., has received considerable attention during the last decade. 
In 1924 Reed (J)* gave the first evidence that pathogenically different 
entities exist within these two species when he described two physi¬ 
ologic races each of IT. avenae and 1\ leois. Further evidence of 
specialization in the oat smut fungi was presented by Sampson (10), 
who designated these specialized entities as biological species. 

Differences between forms of the oat smut fungi with regard to 
characteristics on artificial culture media have been demonstrated 
by Rodenhisor (/?), who described 18 physiologic forms of Untilago 
avniae and 5 of U. levin, in a second report Reed ( 6 ) presented 
further evidence of physiologic races in the oat smuts, and in 1929 (7) 
he described and classified 11 races of 1 r arenae and 5 of 17. levin. 
More recently Reed and Stanton (<V) reported the occurrence of a 
hitherto unknown specialized race of V. levin on Fulghum, an exten¬ 
sively grown red oat (Arena byzantina C. Koch). It seems apparent, 
then, that the number of recognized races of oat smut fungi is increas¬ 
ing and that there is considerable economic significance in this 
fact (<S’). 

In view of the fact that these pathogenic strains 4 ol Untilago avenae 
and V levin exist and that their number apparently is increasing, it 
would seem worth while to determine the nature of their origin. 

Considerable speculation has centered about the role of hybridiza¬ 
tion and mutation in this connection. In fact, there seemed to be 
little reason to doubt that new strains would arise as a result of hybrid¬ 
ization when it was reported by Hanna and Popp (1) and Holton (#) 
that crosses between monosporidial lines of Untilago avenae and 
V. levi v produced hybrid chlamydospores on the host On the other 
hand, a very low degree of viability occurred in the Fi sporidia from 
ehlamydospores of these species hybrid^ (#), and it appeared that this 
would weaken the probability of the origin of new forms by this 
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means. As a matter of fact, after further studies, the writer ( 3 , j). 82) 
stated that - 

in view of the high percentage of nonculi urability of the hybrid sporidia the 
probabilit\ that tins source of new physiologic forms of Ustilugo avenae and 
( \ levis will be a significant factor in the epiphytology of oat smuts seems very 


This statement was based on the results of studies in which crosses 
between monosporidial lines from chlamydospores of species hybrids 
were used for inoculation studies. 

In riew of the fact that only about 1 percent of the F 2 sporidia of 
the species hybrids would grow in culture (2, 3), the tests were 
necessarily rather limited in scope. The results of more recent 
studies, however, in which the F\ chlamydospores w T ere used for 
inoculum instead of the crosses between Fi monosporidial lines, indi¬ 
cate rather conclushely that hybridization between species plays an 
important role in the de\ elopnient of new pathogenic strains of the 
oat smut fungi. Furthermore, by using b\ chlamydospores for inoc¬ 
ulum instead of crosses between Fj monosporidial lines, a more <^lm- 
prehenshe understanding of the origin of the buff smut of oats ( 2, 3) 
and its relationship to Until a go avenae and l r . levin has been brought 
about 

MATERIAL AND METHODS 

A (lotbland strain of Untilago arenae, Reed’s physiologic race I (?), 
a Monarch strain of l \ levin , Reed’s physiologic race 1 (7), and a pure- 
line strain of the buff smut fungus w T ere used in these investigations. 
Specimens of Reed’s (7) physiologic races were supplied by the late 
J. A. Faris, who had obtained them from Dr. Reed. The varieties 
Gothland (C. I. 6 1898) and Monarch (C. I. 1896) were used as differ¬ 
ential host testers, anti Anthony (C. 1. 214)1) w r as used for the sus¬ 
ceptible check to determine the \iability of the inoculum under the 
conditions of the 'various tests. 

Four monosporidial lines were isolated from a germinating chlamy- 
dospore of each of the three strains to be tested (3). Intraspecific 
and interspecific crosses were obtained by inoculating Anthony oats 
with sexually compatible combinations of these monosporidial lines 
(8). Inasmuch as the Fj sporidia are so w T eaklv viable, the Fi chlamy¬ 
dospores produced by the specific crosses were used for the patho¬ 
genicity tests. The three varieties Anthony, Gothland, and Monarch 
were inoculated with the h\ chlamydospores, and selections w r ere 
made of UstUago lens and the buff smut fungus in the F 2 on Gothland 
and of U. arenae in the F 2 on Monarch. The pathogenic reactions of 
these selections and the pure-line parental strains were compared on 
the host testers. 

It should be stated here that the factors for eclunulate spore walls 
and brownness of chlamydospores of oat smut fungi are dominant 
over factors for smooth spore wuills and hvalineness (3, 4). Hence 
in 7 \stilago avenae XU. levin hybrids, smooth spore segregates are 
homozygous for that character. Also in 77. avenae X buff smut hy¬ 
brids, smooth hyaline ehlamydospore segregates supposedly are 
homozygous for these characters. Therefore, 77. levis and buff smut 
segregates from 77. avenae X U. levis and 77. avenae X buff smut 


1 (' I. denotes accession number of the Division of Cereal Crops and Diseases, formerly Office of Cereal 
Investigations 
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hybrids, respectively, are morphologically pure lines and may be 
obtained as early as in the F 2 generation. 

Since the factors for echinulation and brownness are dominant, the 
F 2 Ustilago avenae segregates may be either homozygous or heterozy¬ 
gous, and consequently three or more generations will be required for 
selection of a morphologically homozygous strain. Thus, in view 
of the writer’s knowledge 
of the nature of the inheri¬ 
tance of elilamydospore 
characteristics, it is rela¬ 
tively simple to obtain mor¬ 
phologically homozygous 
strains of ( T . avenae, l\ levis, 
and the buff smut fungus 
from hybrids between these 
organisms. On the other 
hand, very little is known 
regarding the nature of the 
inheritance of factors for 
pathogenicity in the oat 
smut fungi and it cannot be 
assumed that a morpholog¬ 
ically homozygous strain 
selected from a hybrid be¬ 
tween two pathogenically 
different strains is patlio- 
genicallv homozygous. 

However, by determining 
the pathogenicity of such 
a strain in the F 3 genera¬ 
tion some indication as 
to its pathogenic potenti¬ 
alities can be gained. 

This method w T as used in 
these studies, and any 
F 3 segregate with smooth 
spores that was obviously 
different from the parent 
lines in its pathogenic 
reaction w r as considered 
as a new pathogenic 
strain, even though it is recognized that there may be further segre¬ 
gation for pathogenicity in such a strain. 

RESULTS 

MUTATION 

In a previous paper on hybridization between Ustilago avenae and 
U . levis (2) a new type of oat smut was described as resulting from a 
cross between two monosporidial lines which were derived from a 
species-hybrid chlamydospore. This new smut, which is caused by a 
fungus that has smooth hyaline chlamydospores, has been designated 
as the “buff smut of oats” because of the characteristic buff color of 
the diseased panicles. Inasmuch as it had appeared first in tlje F 2 
generation of a U. avenae X TT. levis hybrid, it w r as suggested in a 



o o *© 

in .ikk 1 —Diagram indicating origin and subsequent ap 
jiearance of the bull smut fungus which has hyaline chlainv 
dospores The shading indicates the dells in which the 
factor oi fadors for color are carried, and the absence of 
shading indicates those from which such factor or factors are 
absent The nuclei are indicated b\ dpts and circles The 
plus and minus signs indicate spondi i of opposite sex. 
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later report (3) that perhaps the buff smut developed as a result of the 
loss of a factor or factors for color or that possibly it was the result °* a 
difference in the factor or factors for color in If. avenae and l . levis. 
There are indications, however, that the buff smut fungus has a closer 
genetic relationship to U. levin than to V. avenae. Like T\ levin it has 
smooth spores, and it crosses with this species more readily than with 
U. avenae. Even so, until nowit had not been proved that the buff 
smut fungus arose directly from l . levin and not as a result of hybridi¬ 
zation between l T avenae and l r . levin. 

The origin of the buff smut of oats has now been established with 
reasonable certain tv and is indicated in table 1 and illustrated dia- 
graminaticallv in figure 1. Monospondial lines w^ere obtained by 
isolating the four primary sporidia from the promycelium of ger¬ 
minating ehlamydospores of l T ntilago avenue and IJ. levin y respectively. 
Four selfed lines of each species and eight interspecific hybrids w r ere 
produced by crossing the eight monosporidial lines in all sexually 
compatible combinations. The color characteristics of the chlamjjjlo- 
spores of these selfed lines and species hybrids in the Fj and F 2 , are 
indicated in table 1 

Tabi l I Colo/ stq/t gallon in tht chlami/dospo/t s of stlfed lints and hybrids of 
( .stilago nut nttt and l T lews, shotring tht crossts and gent ration m which the huff 
smut a/i/n and fn st 
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The four selfed lines of l ntilago avena( produced brown chlainydo- 
spores in the F, and F 2 generations. In the four U. levin selfed lines, 
all the Fj clilainydospores were brown while in the F> generation 
brown and hyaline ehlamydospores appeared in two of the lines. 
As shown in table 1, sporidium no. 1 was a component of both the 
selfed lines that produced the hyaline ehlamydospores in the F 2 
generation. In the 8 species hybrids, the F! ehlamydospores w r ere 
brown, and in 0 of these hybrids the F 2 segregates were likewise 
brown. In the other 2 species hybrids, liow r ever, there w r as segrega¬ 
tion for brown and hyaline ehlamydospores, and in both cases spo¬ 
ridium no. 1 of the U. levin parent was a component of the cross. 
On the basis of these results a diagram (fig. 1) w r as prepared to indicate 
the origin of the hyaline ehlamydospores. 

In the rntilago levis parent, segregation for sex occurred in the 
second division of the diploid nucleus, and during this meiotic process 
the nucleus of the apical cell of the promvcelium lost its faculty for 
producing color. It has already been reported (S, 4), as indicated in 
table 1, that brown color is dominant over hyalineness. Conse¬ 
quently all the Fi ehlamydospores of crosses w r ith the monosporidial 
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line that originated from the apical cell of the promycelium of V. 
lev is were brown in color. When these Fi chlaniydospores gennina ted 
there was independent segregation for sex and color, or lack of color, 
and sporidia of opposite sex minus factors for brown color were pro¬ 
duced, as indicated in figure 1, and in the F 2 generation the buff 
smut with hyaline chlamvdospores appeared. Therefore, it seems 
rather probable that the factor or factors for color in the buff smut 
fungus originated through the process of mutation in V. leris and 
that its ultimate appearance was due to independent segregation of 
factors for sex and color which made possible a recombination of 
factors for hyalineness. 

HYBRIDIZATION 

The results of tests to compare the pathogenicity of pure lines, 
hybrids, and hybrid segregates of I'stilago leris , U. arenae, and the 
buff smut organisms are summarized in table 2. The 77. leris strain 
produced 99 percent smut on Monarch and 0 percent on Gothland, 
while the U. a venae strain produced 0 percent smut on Monarch and 
100 percent on Gothland. The buff smut strain produced 55 percent 
smut on Monarch and 0 percent on Gothland, indicating that it is 
somewhat less virulent on Monarch than the l r . leris strain. These 
figures show rather definitely that the pathogenic properties of the 
[\ arenae strain are distinctly different from those of the l r . leris 
and buff smut strains, and for this reason these strains were con¬ 
sidered as suitable material to use in hybridization studies. 

Table 2.— Percentage s of smutied panicles prexluced on oat remedies by pure hnn s, 
hyhndi s, and hybrid segregedes of Vstilago Jems, l \ eivenae f and th( buff smut 
fungus 1 
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1 The low percentages of smut produced in the F 2 of the l\lcms X U arenae and V atenae X bufT smut 
hybrids is no doubt explainable on the basis of a low degree of viability of F. sporidia and the production 
of individuals, through segregation and recombination of factors for pathogenicity, that were not patho¬ 
genic on these 2 varieties. 


As indicated in table 2, the Ustilago leris X f. avenue hybrid pro¬ 
duced 22 and 21 percent smut on Gothland and Monarch, respectively, 
in the F 2 generation, and on each variety both l T . avenue and U. leris 
types were found. From the F 2 generation on Gothland a pure strain 
of 77. levis was selected that produced, in the F 3 generation, 92 percent 
smut on the same variety and 45 percent on Monarch. These figures 
are in contrast to 0 and 99 percent of smut produced on Gothland 
and Monarch, respectively, by the 77 levis parent and 100 and 0 per¬ 
cent produced on Gothland and Monarch, respectively, by the 77. 
avenae parent. It is evident, therefore, that by crossing 77. av€nae 
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and U. levis a synthetic strain of IL levis has been produced which is 
more widely virulent than either parent, and that its production was 
brought about by segregation and recombination of factors for path¬ 
ogenicity present in the parental lines. 

Referring again to table 2, it can be seen that in the F 2 generation 
the VstUago avenae / buff smut hybrid produced 3 percent of smut 
on Gothland and f> percent on Monarch, segregates of both types 
appearing. It was notable that some of the Gothland plants were 
smutted with the buff smut, whereas this variety was immune from 
the parent strain of the buff smut. This buff smut segregate from 
Gothland produced, in the succeeding generation, 100 percent of smut 
on Gothland as compared with 0 percent of smut produced on the 
same variety by its buff smut parent. On Monarch the new buff 
smut strain produced 22 percent of smut as compared with 0 and 55 
percent produced on the same variety by the U. avenae and buff smut 
parents, respectively. Thus, apparently the new buff smut strain is 
decidedly more virulent on Gothland but somewdiat less virulent on 
Monarch than the parental buff smut strain. Furthermore, tfc is 
equally as virulent on Gothland and significantly more virulent on 
Monarch than its IJ. avenae parent. It appears, therefore, to have 
pathogenic properties not possessed by either parent and apparently 
is a new strain of the buff smut fungus that has arisen through segre¬ 
gation and recombination of factors for pathogenicity in a hybrid 
between a strain of l\ avenae and a strain of the buff smut fungus. 

SUMMARY AND CONCLUSIONS 

A new' type of oat smut, described and designated in previous 
reports (#, 8) as “buff smut”, has been found to be the result of 
mutation in l \stilago levis*. The buff smut fungus has hyaline chlam- 
ydospores, but in all other morphological characteristics it resembles 
U. levis. Consequently, the change that occurred apparently involved 
only the factor that determines color in the clilamydospores. Evi¬ 
dence is presented which indicates rather definitely that the change 
in the color factor occurred during meiosis in a germinating chlamy- 
dospore, with the result that 1 of the 4 haploid nuclei lost the factor 
for browmness. This nucleus became located in the apical cell of the 
promycelium, and all crosses with the monosporidial line derived from 
this cell gave rise to heterozygous brown clilamydospores in the Fj 
generation and the hyaline buff smut spores were segregated in the 
F 2 . Because factors for brown are dominant over factors for hyaline¬ 
ness, all the Fj clilamydospores were brown, and the appearance of 
the hyaline clilamydospores in the F 2 is explained on the basis of 
independent segregation of factors for sex and color of clilamydospores. 

A new T pathogenic strain of VstUago letns that attacks Gothland and 
Monarch was produced by crossing a Gothland strain of U . avenae 
with a Monarch strain of U. levis . The synthetic strain of V . levis 
was selected in the F, generation from Gothland, and it infected both 
varieties in the F 3 , being almost as virulent on Gothland as the U. 
avenae parent but somewhat less virulent on Monarch than the U. 
levis parent. Also, a new pathogenic strain of the buff smut fungus 
that attacks Gothland and Monarch was produced by crossing the 
Gothland strain of U. avenae w ith the Monarch buff smut strain which 
would not attack Gothland, The synthetic strain of the buff smut 
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fungus was selected from Gothland in the F 2 generation, and in the 
F 3 it was equally as virulent on Gothland as the U. avenae parent 
but somewhat less virulent on Monarch than the buff smut parent. 
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INTRODUCTION 

The storage life of grapefruit (Citrus grandis (L.) Osbeck) is greatly 
limited because of the development of diseases that produce blemishes 
in the peel. The present publication reports a study of certain of 
fhese diseases under various storage conditions. 

DESCRIPTION OF DISEASES 
PITTING 

Pitting, or “pox”, the most serious of the storage diseases of grape¬ 
fruit, has received major consideration in all previous reports. As the 
term “pitting” implies, the outstanding characteristic of the disease 
is tiie development of pits or depressions in the rind of the fruit. In 
the present paper, pitting is divided into two classes, the definite and 
the mild. 

The term “definite” is used to refer to pits that are 0.2 inch or 
more in diameter and that are depressed to a fairly uniform depth of 
about one-thirty-second of an inch (figs. 1 and 2, A). The oil glands 
are usually depressed to the level of the rest of the pitted tissue and 
sometimes show slightly greater depression. They are rarely elevated 
above the rest of the depressed area. The pits are seldom normal 
in color. Occasionally they appear bleached or faded but usually 
they are darker than the healthy peel, ranging in color from yellow 
ocher to ochraceous tawny or tawny. J They tend to darken with 
ago, yet color can hardly be considered a good index of age. 

The term “mild” is used to refer to pitting that is less pronounced 
than that described above. The pits are usually less than 0.2 inch 
in diameter and may be relatively shallow although they are often 
as deep as the definite pits (fig. 2, B). They may occur individually 
or in groups. They sometimes form a zone of small pits around the 
definite pits (fig 3) and they mav enlarge or coalesce to form definite 
pits (fig. 4, A), but they should not be regarded merely as a stage 
in the development of the larger pits. *The definite pits usually make 
their appearance without passing through the mild stage and the 
storage conditions that are favorable to one type of pitting are not 
always favorable to the other. 

OLEOCELLOSIS 

Oleocellosis of grapefruit differs from pitting in that the oil glands 
stand out in relief above the collapsed tissue and that the affected 

1 Received for publication June 14, 1936; issued April, 1936. 

* Ridgway, R color standards and color nomenclature. 43 pp, illus. Washington, D. O. 
1912. 
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Figure 2 — A % Definite pitting of grapefruit at end of 6 weeks storage at 40° F beginning F< 
1934, B mild pitting of grapefruit at end of 9 weeks’ storage, in glycerin wraps, at 32° F 
February 12,1934 


February 12, 
beginning 
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Figure 3 —Mild pitting of grapefruit (A) forming a zone around definite pitting at end of fi weeks' storage 
at 30° F beginning March 10 1934, and <B), forming groups around definite pitting, at end of 9 weeks* 
storage at 36° F beginning February 12,1934 
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Figure 4 —A Mild pitting of grapefruit, coalescing into definite pitting at end of 11 week* storage at 32° F. 
beginning May 7, 1934 B, oleocellosis of grapefruit, produced by applying expressed juice from grapefruit 
peel, followed by 4 weeks storage at 32° F 
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Figure 5 —Browning of oil glands on grapefruit (A) at end of 11 weeks’ storage at 36° F beginning May 7 
1934, and (B) early stage, at end of 10 weeks’ storage at 32° F beginning Feb 12,1934. 
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peel by means of a hypodermic needle typical pits were produced and 
the organism could be recovered, whereas injections with sterile solu¬ 
tions failed to produce pits. Following Butler’s resignation in June 
1932 the further study of the problem was left with the present writers. 

Butler found it difficult to obtain any organism from the pitted 
grapefruit tissue when it was transferred direct to agar, and adopted 
the method of first placing the tissue in sterile tap water and later 
transferring drops of the liquid to agar. This method was followed 
in the isolations reported herein; however, beef broth was often sub¬ 
stituted for the sterile water. The usual method of making isolations 
was to remove the peel and transfer small pieces from the inner sur¬ 
face ol the affected tissue direct to the liquid medium. The transfer 
from the liquid to the solid medium was made as soon as there was 
evidence of turbidity. 

Transfers from normal-appearing albedo tissue (the white spongy 
portion of the peel) beneath the pits usually remained sterile, whereas 
transfers that included discolored tissue from the inner surface of the 
pits gate cultures of bacteria in 07 percent of 360 tests. No sffcgle 
organism predominated, but six or more were isolated repeatedly. 

Bacteria were sometimes obtained from the tissue adjacent to the 
oil glands in normal peel. 

The liquid cultures were held for several days after the transfer to 
solid media had been made, and w r ere then examined for fungus as 
well as bacterial growth. Mycelium was seldom obtained and when 
present the fungus was usually found to be a species of Periicillium , 
although cultures of Colletotrichum , Diylodia , and Phomopsis were 
occasionally obtained (Florida grapefruit). 

Microscopic studies were made of the pits in grapefruit that devel¬ 
oped without inoculation and of those resulting from inoculations 
with organisms isolated from pitted tissue. Bacteria were present 
in large masses in the inoculated material, both in and around the 
oil glands (lig. 6). In the pits that had developed without inoculation 
bacteria were occasionally found but never in numbers that would 
support the conclusion they w ere the sole cause of the disease. 

BACTERIA ISOLATED 

In the separation and grouping of the various bacteria that have 
been isolated from pitted tissue considerable attention has been given 
to their growth characteristics. It will probably be sufficient in this 
connection to report some of the characteristics of the species or 
strain that lias proved most virulent, originally isolated by Butler, 
and carried in culture as no. 38. 

Culture No. 38 

Characti r«.— Motile by 2 to 5 peritrichous flagella; 0.84*t by 1.2/u to 2.5/x; 
cipsules (72 hours); Gram-negative; colonies on agar smooth, glistening, yellow 
in center with gray margins; gelatin liquefied, napiform; in nutrient broth cloud¬ 
ing medium, odor definite, pellicle enlarging with age and falling to bottom; 
nitrates reduced to nitrites, no gas; litmus milk slightly acidified, casein precipi¬ 
tated with extrusion of whey. 

This description definitely separates the organism from Bacterium 
citriputeale C. O. Smith (13), the cause of black pit of lemons in 
California, and from Pseudomonas citri Hasse (3), the cause of citrus 
canker, but it leaves some question as to its relation to Bacillus citri - 
maculans Doidge, the cause of a spotting of citrus in South Africa (3). 
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The present organism is similar to B. citrimaculans in most respects 
but differs from it in the number of flagella and in the reaction to 
nitrates and to Gram’s stain. The writers have not had the oppor¬ 
tunity of comparing the two organisms m culture. 

The organism (no. 38) has varied m size with growth conditions. 
It grew well on potato-yeast agar, and on a 24-hour culture of this 
medium it averaged 0 84/z by 2.0/t (fig. 7). When examined in 
grapefruit 8 days after inoculation it averaged 0 . 8/1 by 1.0/i. After 
1 or more week’s grov th in sterilized soil or sterilized tap water its 



Hour* G —Bacteria in grapefruit tissues after inoculition with organism no 38 and storage at 40° F for 

13 weeks X 1,440 

size was greatly reduced, but upon transfer to a more favorable me¬ 
dium it regained its former size. 

The optimum temperature for the growth of the organism was 
between 75° and 80° F., and at temperatures of 32° and 40° the growth 
was extremely slow. This temperature response is not in harmony 
with the temperature conditions under which pitting and other 
blemishes of grapefruit are most prevalent (p. 324). 

The organism has the power of breaking down lemon oil and oil 
obtained by steam distillation of grapefruit peel. When a layer of 
either of these oils was floated on top of a beef-broth culture at room 
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temperature it soon began to darken and finally broke down into 
hardened brown particles, whereas a similar layer of oil on uninocu¬ 
lated broth retained its normal character and appearance. Experi¬ 
ments were made in which the oil-destroying activity of culture no. 38 
was compared with that of 20 other cultures, representing the complete 
range ol bacterial organisms that had been isolated from grapefruit 
peel In all cases a correlation was found between the oil-destroying 
and pil-produeing powers. It has been pointed out previously (p. 326) 



I* i(jURE 7 Bacteria (culture no 38) from a 24 hour culture on potato >oast agar. 

that bacteria uere found in abundance both in and aroi ^ A1 

glands in pits that had been produced by inoculation. 

The presence of bacteria, both in and around the oil’glands, and the 
close correlation between their ability to produce pits and their power 
of breaking down oil suggests the possibility that the harmful effects 
of the bacteria may be due to their action upon the oil glands. Bates 
(f) ha f recently called attention to the fact that the oil glands of 
citrus furnish an avenue of infection for decay organisms. 

Inoci lations 

Inoculations with pure cultures of the bacteria isolated were made 
by means of a hypodermic needle. About 0.5 cc of liquid was used 
in each case. The needle was inserted tangentially and so that the 
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fluid would be released near the surface of the peel. The inoculum 
consisted of a heavy suspension of bacteria prepared in sterile water. 
Control injections with sterile water were made at the same time. 

After the fruit had been held for a week to 10 days at 60° or 70° F. 
or for 5 to 7 weeks at 40°, brown spots 0.5 to 0.8 inch in diameter 
began to appear at the points where certain bacteria had been 
released (fig. 8). The spots gradually became darker and more sunken. 
Isolations made from these spots or pits soon after their appearance 
usually resulted in pure cultures of the original organism, but when 
isolations were delayed other bacteria were also obtained. 

Bacteria from at least 20 different original isolations gave positive 
results when injected into the peel, but in spite of considerable varia¬ 
tion in virulence and in growth the bacteria from these 20 cultures 
could probably be grouped under 2 or 3 species. No other organism 



11GUKL 8.—I a grapefruit, produced In inoculation with bactem (culture no 38), after 7 weeks’ storage 

at 40" F. 

has givem as strong positive results as that originally isolated by 
Butler anc carried in culture as no. 3£. 

Injectio s with sterile water produced no injury when the fruit 
was held at 70° F., nor at 60°, but in later experiments part of the 
fruit was held at 40°, and it was found that after 5 to 7 weeks at this 
temperature definite pitting resulted from the sterile injections in 
about 50 percent of the tests as compared with 100 percent in similar 
injections that carried bacterial inoculum. Bacteria were isolated 
from some of the pits resulting from sterile injections, but in no case 
did they prove pathogenic when inoculated into the fruit. 

Attempts were made to secure invasion by the isolated bacteria 
without wounding the peel. Grapefruits were immersed in bacterial 
suspensions and placed under a partial vacuum, wdth the idea that 
the return to normal pressure might force some of the bacteria into 
the peel. Other lots were heated to 100° F. for 1 day or desiccated 
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for several days and then bathed with bacterial suspensions. None 
of these treatments caused any increase in pitting. . 

In experiments reported later (p. 334), in which fruit was obtained 
direct from the trees, about a tablespoonful of soil from beneath the 
trees was placed inside each wrapper as the fruit was being packed. 
After 10 weeks' storage at 32° F. the fruit packed in this manner was 
found to have several times as much pitting as control fruit packed 
without the soil. The results led to the use of soil that had been 
sterilized and then inoculated with the bacteria isolated from grape¬ 
fruit. The soil was examined before using and was known to have 
an abundant growth of bacteria. After several weeks in storage 
the soil-coated fruit had far more pitting than fruit packed in the 
usual manner. But it was found that when sterile soil was used the 
increase in pitting was fully as great as with the inoculated soil. 
The results of these experiments will be discussed further under the 
heading Humidity and Desiccation (p. 330.) 

Sjunii icance ^ 

The presence of bacteria in a considerable percentage of the pitted 
tissue and the fact that pits were produced by inoculation with the 
isolated organisms and the bacteria recovered might be taken as con¬ 
clusive proof that the disease is of bacterial origin, but there are 
points in opposition to this simple explanation. Bacteria were found 
in abundance in pits that were produced by inoculation, but were 
difficult to locate, if present at all, in pits that developed without 
inoculation. Although bacteria were obtained in 67 percent of the 
isolations, less than 10 percent of the cultures were found capable of 
producing typical pits. At temperatures at which the disease usually 
occurs pits resulted from sterile as well as from bacteiial injections. 

Temperature studies showed that the growth rate of the bacteria 
was extremely slow' at 32° to 40° F. and gradually increased up to 75° 
or 80°, w hereas, in studies that follow, it is shown that pitting is worst 
at 32° to 40° and is almost entirely prevented by holding the fruit at 
a temperature of 50° or higher. 

In view of these facts and others that are developed later showing 
the sensitiveness of the grapefruit peel to desiccation and to various 
types of injury, it seems necessary to conclude that while bacteria 
may sometimes serve as a contributing and modifying factor in the 
development ot pitting, they cannot be considered the fundamental 
cause of the disease. 

The following storage experiments point out some of the factors 
involved in the development of pitting and other grapefruit diseases. 

STORAGE EXPERIMENTS 

MATERIAL ANI) METHODS 

The origin and the packing-house treatment of the fruit used in the 
various storage experiments are shown in table 1. The different lots 
will be referred to later by number. 



Mar. i, i93« Some Storage Diseases of Grapefruit 331 


Table 1. —Description of the different lots of grapefruit used in experimental storage 


Lot 

no. 

Size* 

Date of 
experi¬ 
ment 

Origin 

Where pur¬ 
chased 2 

Packing-house 

treatment 

Notes 

1A 

64 

1931 

Oct. 27 

Orlando, Fla_ 

Orlando, Fla. 

None_ . 

Exjieriments started 

IB 

64 

Nov. 27 

_do.. 

.do_ 

. ..do. 

after shipment to 
Washington, D. C., 
by ordinary express. 

1 Do. 

1C 

64 

Dec. 30 

_do__ 

.do. 

!_do__ 

Do. 

ID 

64 

1932 

Jan. 29 

... do. 

. . do. 

... do. 

Do. 

IK 

64 

Feb. 10 

. . do. .. 

do ._ 

... do.. 

Do. 

IF 

64 

Feb. 26 

. do.. . . 

do. 

_do. 

Do. 

2 

64 

Apr. 13 

. . do. . . 

.do.- . 

_do... . _ 

Experiments started 

3 

61 

\pr. 16 

. do .. 

. do. 

. . do.. 

before shipment to 
Washington, D C., 
by ordinary express. 
Do. 

1 

70 

Oct J9 

Cuba .. _ 

Washington, 

Unknown. 



SO 

Nov. 9 

Vero Beach, Fla.. 

I). C. 

.do. 

do .. . 


<; 

so 

Nov. 21 

Unknown _ 

_do.. 

_do.. 


4 

80 

Dec. 7 

- . do. 

-do.. 

... .do_ 


s 

80 

1933 

Jan. 13 

Largo. Fla... - 

-.do... .. _ 

.. do . 


n 

64 

Feb. 11 

Brooksvillo, Fla 

Brooksville, Fla.. 

None. 

Experiments started 

9B 

61 

_ do_ 

— do. 

. do.. 

Colored and waxed. 

after shipment to 
Washington, D. (\, 
by ordinary express. 
Do. 

10 

SO 

Mar. 9 

Palmetto, Fla- 

Washington, 

Waxed and prob¬ 


ii 

80 

Mar 10 

Vero Beach, Fla.. 

D C. 

... do.. 

ably colored. 
Unknowr . 


12 

SO 

Mar. 31 

do.. 

- do_ 

..do__ 


13 

80 

Apr. 11 

Auburndale, Fla 

do.. 

Waxed and prob¬ 


u 

70 

Apr. 14 

Orlando, Fla . 

-do_ 

ably colored. 
None.. 

Hauled in bulk by 

If) 

61 

Apr. 21 

Largo, Fla... . 

. „do _ 

Unknown_ 

truck from Orlando 
to Washington, D.C. 

in 

70 

Apr 28 

Orlando, Fla 

. ..do _ 

None.... . . 

Do. 

17 

70 

May 5 

Lake Wales, Fla 

. ..do_ - . 

Waxed and prob¬ 


IS 

64 

Nov. 16 

Brooksvillo, Fla_. 

Brooksville, Fla . 

ably colored. 
Colored but not 

Experiment started 

10 

64 

Nov. 27 

-_do .... 

. do. 

waxed. 

...do. 

after shipment to 
Washington, D. C , 
by ordinary express. 
Do. 

20 

64 

Dec. 19 

. ..do_ 

..do. 

do. 

Do. 

21 

70 

1934 

Feb. 12 

Vero Beach, Fla . 

Vero Beach, Fla . 

... do. 

Do. 

22 

64 

Mar. 10 

Orlando, Fla_ 

Orlando, Fla. 

.do. 

Do. 

23 

64 

Apr. 19 

_do. 

_do.. 

None.. 

Do. 

24 

64 

Apr. 30 

.do. 

. do.. 

_do. 

Do. 

25 

70 

May 7 

-do. 

do. 

_do. 

Do. 


1 Number of grapefruits per box. 

2 The writers are indebted to John K. Winston for cooperation in securing the grapefruit purchased in 
Florida. 
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Small lots of fruit were used, but great care was taken to have the 
different lots uniform lndmdual notes were taken on each fruit, 
and the degree of scald and pitting was recorded on the basis of actual 
area affected These individual iecords were combined and converted 
into percentages of the total fruit aieas Notes were usually taken 
at intervals of 2 to 5 weeks, and a number of the lots were held at 
outside tempemture foi 1 week after storage before the final note¬ 
taking l r nless otherwise stated, the results reported are based on 
the condition of the fiuit while in storage or at the time of removal 
from storage 


J ACTORS AFFEC TING STORAGE DISEASES 
11 Ml 1 KArt RE 

Pitting has been geneially recognized as a low-tempeiatuie disease, 
and stoiage at 45° F oi higliei has been lecommended as a means of 
control (4, r f , <S, 0 f 12) iMicnd and Bach (7) found that scald is 
similarh affected b\ low tempuatuK The Jesuits of the piesent 
studies are in liarmony with these eonelusions The development^ 
pitting at different storage temperatures is shown in table 2 
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All lots wiUi the excel t ion of those il 34° * vtereheldat inhtnchumldiU of 85 to W) percent The 14° 
Jots »irt hell in (oiiiimnial stornKi 


Vftci 8 or moic weeks in storage there was more definite pitting 
at 36° F than at 32° in all ol the 12 cases in which these two tempera¬ 
tures weie compared, and the aveiage pitting was more than six 
times as great at the higher temperature (table 2) In a numbei of 
the experiments (lots 11,15,16, and 17) sufficiently frequent notes were 
taken to follow the gradual progress of pit de\elopment at the two 
temperatures The icsults aie shown in figuro 9 It will be seen 
that the above proportion w as well maintained throughout the storage 
period. 

In contrast with the foregoing results there was more‘mild pitting 
at 32° F. than at 36° m 7 of the 12 tests reported m table 2, and an 
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average in the 12 tests shows nearly twice as much of this type of 
pitting at the lower temperature. 

When fruit was held at an outside temperature of about 70° F. 
for 1 week after removal from storage, it was found that there was 
much greater increase in both forms of pitting on the fruit from 32° 
storage than on that from 36°. The average For 6 different lots (nos. 
19, 21, 22, 23, 24, and 25) showed about twice as much definite pitting 
on the fruit from 36° storage as on that from 32° and nearly three 
times as much mild 


pitting on the fruit 
from 32° storage as on 
that from 36°. The 
final contrast was thus 
largely in type of pit¬ 
ting with little differ¬ 
ence in area of peel 
affected. The appar¬ 
ently better results at 
32° seem to Inn e been 
due largely to a great¬ 
er delay in the expres¬ 
sion of a condition 
rather than to a differ¬ 
ence in area of peel 
affected. 

The data of table 2 
do not justify the con¬ 
clusion that there was 
much difference be¬ 
tween the pitting at 
40° F. and that at 30°, 
nor between the pit¬ 
ting at 30° and that 
at 32°. The pitting 
at 34° was somewhat 
greater than that at 
36°, but the 34° lots 
were in commercial 
storage and the condi¬ 
tion of the fruit upon 
removal indicated the 
probability that the 
humidity had been 
lower than with the 



PERIOD IN STORAGE CWEEKSD 


Ik.ukl 9 —Development of definite pitting on grapefruit held in 
storage at 32° F , compared with that on grapefruit held in stor¬ 
age at 36°. 


other lots. Upon removal from storage the increase in pitting on the 
fruit from 34° and 40° was similar to that on the fruit from 36°, and 
the increase at 30° similar to that at 32°. 


The big contrast, and the significant one that is shown by table 2, 
is the low percentage of pitting at 50° and 60° F., as compared with 
that at the lower temperatures. This contrast became still greater 
after removal from storage. Whereas the percentage of pitting on 
the fruit from 36° and 40° storage often doubled and that on the fruit 
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from 32° storage often quadrupled within a week, the fruit from 50° 
and 60° storage showed little or no increase, remaining practically 
free from all forms of pitting. It has been previously pointed out (p. 
329) that injections with sterile water which sometimes caused injury 
at 40° failed to produce injury at G0° and 70°. 

In the later experiments (lots 19 to 25, inclusive) a definite record 
on oleocellosis was kept. Oleocellosis was of very erratic and rather 
rare occurrence, and its prevalence apparently was greatly influenced 
by mechanical injury and packing conditions; but it should be noted 
that there was occasional occurrence at temperatures of 32° to 40° F., 
whereas the fruit at 50° remained practically free from the disease. 

In the seven experiments with the 1933-34 crop careful records 
were kept on the browning of the oil glands, scald, and watery break¬ 
down. All of these diseases were of erratic occurrence, the susceptibil¬ 
ity of the fruit apparently increasing with maturity. All were de¬ 
cidedly more common at 32° than at 36° F. None occurred at 50° 
(standard packing), and scald and watery break-down were never 
found at 40°. 

Storage temperatures of 50° and G0° F., while preventing pitting 
and other physiological disorders, favored the development of decay. 
After 8 weeks at 50° or higher the fruit showed 12 to GO percent, and 
averaged about 30 percent, of stem-end rot, whereas the fruit held 
at 40° or lower usually showed no decay. After longer storage 
periods there was occasional blue or green mold decay at the lower 
temperatures. When the fruit was held continuously in storage 
there was little or no contrast between the decay at 32° and at 36°, 
but when held for 1 week at room temperature after removal from 
storage there was about twice as much decay on the fruit from 36° 
as on that from 32° storage. 

After short storage periods the fruit held at 50° or G0° F. seemed to 
have somewhat the best flavor, but later it became distinctly flat as 
compared with fruit held at 40° or lower. The fruit held at 36° or 
40° seemed in some instances to be superior to that held at 32°. 

IIt T MlI>n\ A\ T 1> Desiccation 

Jn a number of the experiments fruit w as stored under two different 
humidities, namely 85 to 90 percent (table 2) and 65 to 75 percent. 
The comparative results from the two storage conditions are shown 
in table 3. 

In 4 of the 6 tests of storage at 40° F., mild pitting was greater with 
low’ humidity than with high humidity and averaged in the 6 tests 
about 41 percent greater. In all 6 of the same tests definite pitting 
was greater w'ith low' than with high humidity and averaged nearly 
five times as great. In the 1 test at 50° F. there was not enough pitting 
with either high or low humiditv to be of any great significance. In 
all of the tests the fruit held at low humidity was more shriveled and 
had greater loss of weight than that held at high humidity. 

It was pointed out on page 330 that placing about a tablespoonful 
of orchard soil inside each fruit wrapper increased pitting. The 
results of this and similar treatments are reported in table 4. 

The addition of the soil increased definite pitting in 16 and mild 
pitting in 14 out of a total of 19 tests. An average % of the results 
show’s that the soil inclusions caused an increase of approximately 100 
percent in both forms of pitting. The increase was as great at 50° F. 
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as at the lower temperatures. It was somewhat greater with low 
humidity than with high humidity and fully as great with sterile 
soil as with inoculated soil. 


Table 3. —Effect of humidity on pitting of grapefruit stored at 40° and 50° F. 


Lot no. 

Fruits 

under 

each 

condi¬ 

tion 

Storage 

period 

Storage 

temper¬ 

ature 

Peel sh< 

Definite pitting 

owing— 

Mild pitting 

!W 

With ; 
high 1 
humid¬ 
ity i 

With 

low 

humid- 
it> i 

With 
high 
humid¬ 
ity * 


Nu mtnr 

Weeks 

°F. 

Percent 

Percent 

Percent 

Percent 

4__ . _ _ 

10 

7 

40 

2.19 

1.59 

1.92 

1.10 

i _ - _ 

10 

7 

50 

.04 

. 05 

. 05 

.01 

5 __ _ . _ 

8 

10 

40 

.97 

.25 

.03 

.40 

9 B _ _ 

S 

8 

40 

13 20 

2 80 

1.40 

1 00 

10 . .. 

8 

4 

40 

1 10 

.15 

0 

.40 

11 . ... 

8 

4 

40 

.82 

.35 

0 

.00 

14 . . ... 

8 

10 

40 

10 00 

.74 

.22 

0 


1 Relative humidity 65 to 75 percent. 
* Relative humidity 85 to 90 porceut. 


Table 4.* Pitting of grapefruit as affected hy including soil, sand, or charcoal within 

the wrapper 


Lot 

no 


9A 


Fruits 

under 

each 

condi¬ 

tion 


Number 


Storage 

temper¬ 

ature 


Storage 
humidity J 


°F 


Storago 
period 


Weeks 


35 

32 

Uigh. 

0 

Grove soil . ... 

10 

40 

....do 

7 

Inoculated soil... 

10 

40 

Low . _ _ _ 

7 

_do ... ... 

10 

50 

High ... 

7 

.. do . 

10 

50 

Low _ 

7 

_do _ _ _ 

8 

40 

High . 

10 

... do ... 

8 

40 

Low . ... 

10 

.do . 

8 

50 

High .. 

10 

do _ . 

20 

40 

Low __ 

0 

do .. 

20 

40 

-do_ 

0 

Sterile soil__ _ 

0 

36 

nigh. _ 

0 

Inoculated soil. 

0 

36 

.do .... 

0 

Sterile soil.. 

0 

40 

Low._ 

0 

Inoculated soil. 

0 

40 

. ..do ... 

0 

Sterile soil_ _ 

8 

30 

High_ 

8 

Inoculated soil . 

8 

40 

_ .do_ 

8 

_do.A. 

8 

40 

.do ._ 

8 

Sterile soil.. 

8 

40 

Low ... 

8 

Inoculated soil . 

8 

1 40 

.—do .... 

8 

Sterile soil.. 

S 

40 

_do_ 

8 

Quartz sand. 

8 

40 

_do_ 

10 

Animal charcoal . 

8 

40 

.do... 

10 

Vegetable charcoal .... 


Foreign matter included 


Peel showing- 


Defimlo pitting 


With 

inclu¬ 

sion 


Percent 
0 95 

1 59 
7. 36 

.55 
2.38 
1.60 
7.50 
.13 
3.80 
5 47 
2.10 
.02 

2 84 
2 68 
7 20 
2.00 
0.00 
5. 20 
9.00 
9.30 

.50 

.85 


With¬ 
out in¬ 
clusion 


Percent 
0. 22 
1.15 

2 19 
.05 
.04 
.25 
.97 

0 

1.34 
1.34 
1 90 
1 90 
1.00 
1.00 
9 70 
5. 10 
5 10 

3 80 
3 80 

3. 80 

. 19 
.19 


Mild pitting 


With 

inclu¬ 

sion 


Percent 
0 24 
1 10 
2 87 
0 

1 53 
1.97 
12 80 
0 

4. 45 

5. 15 
.40 
.05 

3.85 
2.68 
1 30 
.40 
.37 
10 
90 
0. 50 
0 
0 


1 


With¬ 
out in¬ 
clusion 


I’crccnt 
0 007 
27 
1 92 
.01 
.05 
.40 
.03 
.01 
1.84 
1.84 
.87 
.87 
1 20 
1.20 
1.70 
. 17 
. 17 
.74 
.74 
74 

0 

0 


1 The low-humidity rooms were hold at 65 to 75 percent relative humidity and the high humidity rooms 
at 85 to 90 percent. 


It seemed possible that the increase in pitting might be due to 
some harmful substance in the soil; quartz sand and vegetable and 
animal charcoal were therefore tried, but w T ith results similar to those 
obtained with soil. 
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The fruit packed with foreign material inside the wrapper usually 
showed extreme shriveling and loss of weight; this was greater when 
the foreign material was applied as a moist smear than when held 
loose in the wrapper. Pitting showed a similar contrast. The 
shriveling was worse when the fruit was held at low than at high 
humidity; a similar contrast has been pointed out for pitting, both 
with and without the presence of foreign material. 

In some instances the soil smear was washed off after 5 to 9 days 
and the fruit was then wrapped in oiled paper, with the result that 
shriveling and pitting were only very slightly increased by the soil 
treatment. 

In other experiments (lots 21, 22, and 23) glycerin wrappers were 
used on the fruit in comparison with ordinary wrappers. The results 
are show n in table 5. The addition of the glycerin increased definite 
pitting to an average of about 7 times and mild pitting to an average 
of almost 3 times that with ordinary w r rappers. There was an in¬ 
crease 4 in definite pitting at 50° F. as w ell as at the lower temperatures. 
There w r as a relatively high percentage of mild pitting on the treated 
fruit at both 3fi° and 32°, whereas definite pitting was much nrflJro 
severe at 30° than at 32°. The fruit packed in glycerin wrappers 
showed more shriveling and much greater loss in weight than the 
fruit in untreated wrappers. 

Tahlk 5. -Efjui of glycerin wrappers 1 on pitting of grapefruit at different storage 

tern fx ratines 


21 . 
21 . 
22 .. 
22 . 
23.. 
23.. 


I<ot no. 





Peel show mg— 

Fruits I 


; 

Slot age 


I 

1 


under 

Storage 

j Definite pitting j 

Mild pitting 

each con- 

pci lod 

tempera-1 
i ufe | 





dition 

With 

W r ith 

With 

W 7 ith 






phoerin 

ordmar> 

glycerin 

ordinary 




wi upper 

v tapper 

wrnpjier 

w rapper 

— 

_ 

_ 





\ umber 

11 cekn 

° F. 

Percent 

1'trend 

Percent 

Percent 

16 

8 

32 

0 32 

0 04 

3 00 

0 03 

16 

8 

30 

12 00 

2 00 

3 60 

.98 

16 

D 

32 

.07 

.49 

.13 

1.69 

10 

9 

36 

7 10 

.66 

1.60 

.30 

11 

8 

36 

2 80 

.10 

.22 

.01 

14 

8 

50 

.32 

0 

0 

0 


1 Iu lot 22 the wrappers v, ere saturated w it h 
on the fruits und dry snippers then applied. 


glycerin before using, but in lots 21 and 23 glycerin was rubbed 
The gljcenu y as taken up freely bj the wrappers. 


In the experiments with soil and glycerin the correlation between 
shriveling and the development of pitting was so close that it seems 
necessary to consider the drying elects associated with the use of 
these materials as a factor in the production of the disease. Whether 
tins drying was brought about largely by direct absorption of water 
or more indirectly by action upon the oil or other peel constituents 
has not been determined. 

There was no increase in the browning of the oil glands, scald, or 
watery break-down resulting from the use of glycerin wrappers nor 
from the inclusion of soil within the w rappers. 


Delayed Storage, High Temperature, and Temperature Changes 

The sharp decrease in pitting and the accompanying increase in 
decay at 50° F. as # compared with 40° and lower suggested the im¬ 
portance of determining w hether similar control of the disease could 
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be obtained without continued exposure to higher temperatures. 
With this point in mind three types of experiments were planned: 
Delayed storage at 50° or higher, exposure to relatively high tem¬ 
peratures before storing, and removal from low-temperature storage 
at stated intervals. 

Hawkins (7) and Hawkins and Barger (£) recommended curing 
grapefruit before placing it in storage, either by delaying it for a week 
to 10 days at 70° to 75° F., with a humidity of about 65 percent, or 
by treating it with gas from a kerosene stove in a coloring room for 
3 to 4 days. Both treatments decreased pitting in storage, but the 
latter method wras considered the better because of the lower per¬ 
centage of decay. Friend and Bach if) have reported that scald as 
well as pitting was reduced by holding the fruit at 70° for 10 days 
before storing. 

In the present experiments the period of delayed storage at 60° F. 
or above was not extended beyond 3 to 5 days, yet it resulted in a 
definite reduction in pitting. In the four tests reported in table 6 
there was an average of about throe times as much pitting on fruit 
that was stored immediately as on that delayed at 60° or above. It 
should be noted, however, that all lots of fruit used in these tests were 
purchased on the Washington market and must have been picked 
several days before the experiment was begun. 

In other experiments the fruit was held at 50° F. during the delay. 
In 3 lots the fruit was held at this temperature for 2 days, in 4 lots for 
7 to 10 days, and in 8 lots for 14 or 15 days, before being stored at 32° 
or 36°. The data in table 6 do not indicate any consistent benefit 
from these delays. The results from a delay of 7 to 10 days at the 
higher temperature before storage at 32° and 36° were moro favorable 
than those from a delay of 2 days or 2 weeks. 


Table 0 .—Effect of delayed storage at i)0° F. and above on pitting of grapefruit 

stored later at 33° and 36° 


Lot no. 

Fruits 

under 

each 

condi¬ 

tion 

Storage 

period 

Storage 

temper¬ 

ature 

Teriod 
of de¬ 
lay 

Tem¬ 

pera¬ 

ture 

during 

delay 

Teel sh 

Definite pitting 

owing - 

Mild pitting 

With 

delay 

With im¬ 
mediate 
storage 

With 

delay 

With im¬ 
mediate 
storage 


Number 

Weeks 

°F. 

Days 

°F. 

Percent \ 

Percent 

- Percent 

Percent 

K. 

8 

0 

36 

4 

60 

0. 28 

1. 00 

0.01 

1.20 

8 i . 

8 

6 

36 

4 

*0 

.05 

.27 

.03 

0 

11 _ . . _ 

8 

7 

36 

3 

70-75 

1.25 

4.00 

.22 

.80 

15 . . . _ 

9 

13 

36 

5 

70-75 

1.10 

1. 40 

.20 

.34 

18.. 

8 

12 

32 

2 

50 

. 13 

.53 

.25 

.25 

18. 

8 

12 

32 

7 

50 

.17 

.53 

.37 

.25 

18.... 

8 I 

12 

32 

14 

50 

.07 

.53 

.13 

.25 

19. 

8 

15 

32 

2 

50 

.35 

.18 

.32 

.41 

19.. 

8 

15 

32 

10 

50 

. 11 

. 18 

0 

.41 

19.. 

8 

15 

32 

15 

50 

.77 

. 18 

.06 

.41 

19. 

8 

15 

36 

2 

50 

1.70 

.71 

.08 

. 10 

19. 

8 

15 

36 

15 

50 

3.70 

.71 

.07 

.10 

20 . 

16 

13 

32 

7 

60 

.35 

.30 

.17 

.30 

20 . . .. 

16 

13 

32 

14 

50 

.36 

.30 

.15 

.30 

20 . __ .. 

16 

13 

36 

7 

50 

.22 

.50 

.40 

. 13 

20... . _ 

16 

13 

36 

14 

50 

1. 85 

.50 

.10 

. 13 

21. 

16 

10 

32 

14 

50 

.12 

.07 

.12 

.08 

21... 

16 

10 

36 

14 

50 

1.30 

3.30 

1.00 

2.00 

21 >. 

16 

10 

32 

14 

50 

.04 

.02 

0 

.007 


1 In oiled wrappers. 

* Fruits coated with wax. 
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In other experiments the prestorage period at the higher tempera¬ 
tures w as shortened to less than 24 hours and the fruit was held m an 
incubator at a temperature usually slightly above 100° F. (table 7). 
Of the 12 instances in which the fruit was stored at 36° or 40° after 
exposure to high temperature there were 11 in which definite pitting 
was decreased, and the average definite pitting for the 12 heated 
lots was less than one-fifth of that for the fruit stored immediately. 
The one instance in which definite pitting was not decreased was with 
fruit heated but 6 hours. Mild pitting was decreased in 6 out of the 
8 cases where it was present in the control, and the average mild 
pitting for the 8 heated lots was about one-tliird of that for the fruit 
stored immediately. Of the 11 instances in which the fruit was stored 
at 32° theie was an average of about twice as much definite pitting 
but less than two-tliirds as much mild pitting on the heated fruit as 
on that which was stored immediately. 


Taiul 7 Ffffd of prestorage heatmq at temperatures of .98° F. and above on 
dmlopment of pitting and scald on grapefruit stored at 82° to 40 0 


Peel showing— 


jutting Mild jutting Scald* 


W it limit \\ itii W ithout W it Ii \\ ithout 
heiting heiting heuting heating heating 


Percent Pirinit Pm nit Pi rant Pm nit 

1 HO 0 0 74 0 

11 20 02 1 40 0 

04 18 SO 17 

04 0 50 4 W) 

10 0 0 0 

10 0 0 0 

1 10 1 80 1 20 0 

10 00 08 11 0 
11 0 17 7 00 

78 12 10 0 

78 0 10 7 80 

9) 0 0 b 30 

2 80 07 0 0 

2 80 0 0 0 

40 10 13 1 20 

40 0 H 12 20 

3 80 04 30 0 

18 31 41 0 

18 10 41 1 

71 01 10 0 

10 04 10 0 

10 0 10 0 

50 05 H 0 

_I 

1 Mmh of the scald hoi tiered ujxin a water* break-down condition 
* ith low hunuriitt 

3 Held at 50° * for 10 da*s after heating 

4 Held at 50° * for b da>8 after he itmg 


1 50 
0 

0 

2 10 
2 30 
0 

0 

0 

0 

0 

0 

0 



Fruits 



PrcMor 

I ein- 


1 of 

unde i 1 st< 

•rage 

Storage 

age 

jara 

Dofinilc 


each ttcriocl 

tunjic r 

JHM 10(1 

lure 

MO 

conch 


at nr* 

of heat 

(luring 



turn 



mg 

lie atinp 








Willi 







he it mg 


\ ii mbit 11 

tlks 

/ 

Hours 

°/ 

Pi renit 

9 \ 

7 

8 

j fO 

20 

109 

0 2b 

9|» 

7 

S 

40 

20 

109 

44 

11 

8 

10 

12 

h 

102 

70 

11 

8 

10 

12 

22 

105 

09 

1 1 

S 

10 

40 

7 

102 

50 

1 1 

8 

10 

* 40 

22 

10' 

12 

If 

8 

10 

12 

20 

100 

1 fO 

If 

8 

10 

* 40 

| 20 

100 1 

i 1 00 

15 

9 

0 

12 

17 

lOf 

01 

1 

9 

9 

lb 

b 

1 192 

20 

15 

9 

9 

lb 

r 

104 

19 

II 

s 

8 

12 

19 

110 1 

11 

lb 

8 

8 

9 

b 

102 

12 

lb 

8 

8 

lb 

1 1*» 

111) 1 

77 

r 

9 

10 

12 

b 

108 

20 

17 

9 

10 

12 

20 

100 

15 

17 

if 

10 

1 3b 

20 

100 

15 

10 

8 

15 

12 

21 

100 

87 

10 

8 

15 

1 * 12 

21 

100 

20 

19 

s 

15 

lb 

21 

100 

9) 

20 

lb 

11 

12 

| 20 

98 

71 

20 

lb 

11 

4 12 

' 20 

98 

01 

20 

lb 

11 

lb 

I 

98 

12 


The effect of heating and the modifying influence of storage tem¬ 
perature were still more pronounced in the case of scald. Of the 
fruit that was stored at 32° F. there were 2 lots in which scald was 
greatly increased by heating and 2 lots in which a high percentage of 
scald developed on the heated fruit, while the fruit that was stored 
immediately remained free from the disease. In contrast with this 
there was only 1 lot in which scald occurred on the heated fruit at 
3fi° and none m which it was found on the fruit that was "stored imme¬ 
diately at that temperature. Much of the scald that resulted from 
heating bordered upon watery break-down. It should be noted that 
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all of the lots in which scald occurred were picked in April or later. 
(See table 1.) 

In other experiments the fruit was removed from storage to higher 
temperatures (table 8). At 40°, 50°, and 60° F. the temperature was 
carefully controlled. The 70° temperature was only approximate, 
ranging from 65° to 75°. 

Of the 15 tests in which fruit was removed from storage at 32° or 
36° F. to 70° for 1 day at the end of 1 week and again at the end of 2 
weeks (table 8, unwaxed grapefruit), there were 13 cases in which 
there was less definite pitting and 12 cases in which there was less 
mild pitting on the fruit that had been moved than on that which 
remained continuously in storage. The average of the results shows 
that both forms of pitting were reduced to less than one-fourth of 
that found on the controls. 


Table K. — Effect of temperature changes on storage diseases of unwaxed and of 

heavily waxed grapefruit 

UNWAXED GRAPEFRUIT 
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Definite 
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break 
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of oil 
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XX 
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o 

a 

m 
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Ft 

£ 

Ft 

Ft 


£ 

£ 

Ft 

£ 

Ft 


No 

H eekx 

°F 












8 

8 

6 

36 

70° for J da> after 1 week 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 





and again after 2 weeks 

cent 

cent 

cent 

cent 

cent 

cent 

r< nt 

cent 

ct nt 

cent 





of storage. 

0.57 

J. 90 

0 02 

0. 87 



. 

_ 

__ 

_ _ 

9A 

4 

8 

36 

... .do .... 

.51 

9.70 

0 

1.70 







9B 

4 

8 

36 

..do.. 

.48 

4. 00 

.16 

.34 







15 

9 

14 

32 

... do _ 

.20 

.58 

.01 

.09 

_ 






l. r ) 

9 

14 

36 

_do. . _ 

29 

1.40 

. 15 

.34 

__ 






16 

8 

8 

32 

_do . ... . 

97 

.30 

0 

3.50 







lf> 

8 

8 

30 

.. ..do . . 

.07 

13 

2.80 

. 13 

0 







18 

8 

12 

32 

_do ._ . 

53 

.07 

.25 







19 

8 

12 

32 

... do___ 

. 12 

. 46| 

50 

1.45 







21) 
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13 

13 

32 

...do ..... 

.04 

30 
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0 05 

4.50 
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8 
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.52 

.50 

.67 

. 13 

. 12 
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21 

16 

8 
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_do... 

004 

.04 

.04 
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22 
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9 
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.. .do. 

.03 

.49 
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Table 8.— Effect of temperature changes on storage diseases of unwaxed and of 
heavily waxed grapefruit —Continued 
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In tlio few tests in which the fruit was moved to 60° F. instead of 
70° or moved to 60° or 70° only once by the end of 2 weeks’ storage, the 
average results were fully as good as those reported above, but in the 
3 cases in which the change in temperature was delayed to the 
end of 3 weeks or later there was little evidence that it caused any 
reduction in pitting. 

In other experiments the grapefruit was removed from 32° or 36° F. 
at the end of 2 weeks’ storage to 50° for 1 week and then returned to 
the original temperature (table 8, unwaxed grapefruit). The results 
were not as favorable as with the shorter periods of exposure to higher 
temperatures, yet out of the 12 tests there were 8 instances in which 
there was less definite pitting and 10 in which there was less mild pit- 
ing on the fruit that had been moved than on that which remained at 
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a uniform temperature. The average of the results shows that both 
forms of pitting on the moved fruit were reduced to approximately 
one-third of that found on the controls. 

In other experiments the grapefruit was moved from 32°, 34°, or 
36° F. to 50° permanently at the end of 1, 2, or 3 weeks (table 8, 
unwaxed grapefruit). In the 1 test in which the change was made at 
the end of 1 week and in the 4 tests in which it was made at the end of 
2 weeks, mild pitting was entirely prevented and definite pitting 
reduced to an average of about 3 percent of that found on the controls. 
In the 1 instance in which the chango was made at the end of 3 weeks, 
both forms of pitting were far less serious on the fruit that had been 
moved than on that which had remained continuously at the lower 
temperature. 

With the heavily waxed fruit (table 8) there was usually much less 
pitting on the controls (at constant temperature), yet the percentage 
of reduction resulting from short-period exposure at 70° F. or 1 week 
at 50° was fully as great as with the unwaxod fruit. A similar reduc¬ 
tion was obtained in the one test in which the waxed fruit was moved 
from 32° to f)0° permanently at the end of 2 weeks. 

In the experiments (table 8) in which browning of the oil glands, 
scald, or watery break-down occurred, the effect of the various mov¬ 
ing treatments was fur more pronounced than with pitting. It is 
interesting to note the number of cases in which there was a high 
percentage of scald or watery break-down on the controls and entire 
absence of the disease on the fruit that had been moved. 

The data of tables 6 to 8, inclusive, were based on the condition of 
the fruit while it was still in storage, but the contrasts reported for 
the various diseases were fully maintained after removal from storage. 

The fruit that had boon heated was older in appearance and taste 
and this was occasionally true of fruit that had been delayed or that 
had been moved for short periods to higher temperatures. 

The prestorage heating treatments often resulted in a decided 
increase in decay and the delays at room temperature sometimes 
resulted in a slight increase, whereas the various short-period removals 
to higher temperatures caused no increase in decay. The fruit that 
was moved to 50° F. permanently at the end of 1, 2, or 3 weeks’ 
storage at the lower temperatures soon developed a very liigh per¬ 
centage of decay; that moved at the end of 1 week showed much 
more decay than that moved at the end of 2 or 3 weeks. 

The possible significance of the results from the various i omperature 
changes is discussed later (p. 349). 

A 

Carbon Dioxide 

A series of experiments was carried out to determine whether 
short-period exposure to carbon dioxide gas would have any effect 
upon the later development of pitting in low-temperature storage. 
The first tests were made on fruit described as lots 1A to IF, inclusive 
(table 1). After shipment from Orlando, Fla., to Washington, D. C., 
dv ordinary express (2 days) the fruit was given 2 days’ exposure to 
atmospheres containing 40 to 45 percent of carbon dioxide gas before 
being placed in storage at 32° F. Similar lots were held at the same 
temperatures in normal air. Seven fruits were used under each 
condition. Most of the tests were made at 77°, 68°, and 49°, but 
two tests each at 50° and 41° were included. Individual records 
were kept of each fruit, as described on page 330. After 10 to 12 
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weeks in storage less definite pitting was found on the fruit receiving 
the prestorage carbon dioxide treatments m all of 18 tests and less 
mild pitting in 17 out of 18 tests. In both cases there was an average 
of one-third as much disease on the treated as on the untreated fruit. 
The contrasts were greater with the fruit that was held at the higher 
temperatures during the period of treatment than on that held at 

the lower temperatures. .. . , A A . Al 

In order to keep the percentage of carbon dioxide constant m the 
above experiments, the carbon dioxide-air mixture was continuously 
renewed, about five complete changes in the atmosphere being made 
in 24 hours, whereas the controls were held under moist-chamber 
conditions with no regulation of the air renewal, thus leaving the 
possibility of a difference in aeration as well as a difference in carbon 
dioxide. ' in later tests the fruit w r as held in pony refrigerators, with 
practically the same aeration conditions for the treated and untreated 
fruit but less accurate control of gas composition and temperature. 

Tim pony-refrigerator experiments were made at Orlando, Fla., in 
the spring of i932 Two crates of grapefruit were used under *ach 
condition. The refrigerators were cooled by ice, the temperature of 
the treated fruit dropping to f>0° F. in about 18 hours and remaining 
there till the end of the experiment, and the temperature of the con¬ 
trol fruit running 2° to 8° higher. The carbon dioxide was supplied 
from the usual type of eajbon dioxide cylinder. It was run rapidly 
into the test refrigerator for 30 minutes and the rate was then de¬ 
creased till it approximately balanced that of the leakage. In an 
experiment started on April 13 the carbon dioxide was held at about 
20 percent and the treatment was continued for 30 hours. In an 
experiment started on April 10 the gas was held at an average of 3f> 
percent and the treatment was continued for 20 hours. 

The fruit was obtained direct from the grove, and after the treat¬ 
ment described it was shipped to the Arlington Experiment Farm, 
Rosslyn, Va., by ordinary express and was stored at 32° F. Notes 
were taken at xanous intervals on the development of disease. In 
the first experiment definite pitting on the control fruit ran about 
50 percent higher than on the treated fruit; in the second experiment 
it ran about 00 percent higher. In both cases the treated fruit was 
more than 2 weeks behind the control fruit in developing a particular 
degree of definite pitting. In the first experiment there was little 
contrast between the treated and untreated fruit in the development 
of mild pitting, but in the second experiment it ran about 75 percent 
higher on the untreated fruit. 

The reduction in pitting in the pony-refrigerator experiments was 
not as great as in the previous laboratory experiments, but the period 
of treatment was shorter and the percentage of gas lower. The 
20 -hour treatment with 35-percent carbon dioxide apparently gave 
better results than the 30-hour treatment with 20-percent carbon 
dioxide. 

The flavor of the different lots of fruit was tested at various times 
and the treated fruit w as found to be fully as good as the untreated 
fruit. 

The results of the various carbon dioxide experiments seem to 
indicate that benefit can be obtained from the use of carbon dioxide 
as a prestorage treatment. Whether this benefit is due to a slowing 
down of metabolism, to the elimination of harmful products, or to 
some other cause has not been determined. 
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Paraffin and Cellophane Wrappers 

In a few experiments fruit was held in paraffin or in moisture-proof 
cellophane wrappers in comparison with other fruit in standard paper 
wrappers (table 9). With cellophane wrappers definite pitting was 
reduced in 6 out of 7 tests and mild pitting in 5 out of 7 tests, the 
average of the 7 results showing a reduction of about 43 percent for 
definite pitting and 36 percent for mild pitting. With paraffin wrap¬ 
pers both forms of pitting were reduced in 6 out of 8 tests, the average 
of the 8 results showing a reduction of about 36 percent for definite 
pitting and 40 percent for mild pitting. 

Friend and Bach (jft) have reported a similar reduction of pitting 
with paraffin wrappers. Their fruit was apparently held at 32° F., 
whereas the lots just mentioned were held at 36° or 40°. 

Oils and Waxes 

In other experiments mineral oils and various combinations of oils 
and waxes were used in wrappers or on the fruit. The results are 
shown in tables 10 and 11. 

Wrappers that were treated heavily with mineral oil decreased 
definite pitting in 14 out of 17 tests, the average of the results shoving 
a reduction of about 52 percent. The application of mineral oil to 
the fruit reduced definite pitting in 14 out of 15 tests, the average of 
the results showing a reduction of about 65 percent. 

The heavily oiled wrappers decreased mild pitting in 12 out of 17 
tests, the average of the results showing a reduction of about 57 
percent. The application of oil to the fruit decreased mild pitting 
in 12 out of 15 tests, the average of the results showing a reduction of 
about 70 percent. 

The wrappers used in the foregoing experiments were more heavily 
oiled than could be used commercially, and the writers are of the 
opinion that some of the pitting reported in the wrapper tests was 
really oil injury. Commercially oiled wrappers, used in a few tests, 
gave only a slight reduction in pitting and caused no injury. 


Table 9. —Effect of paraffin and cellophane wrappers on pitting of grapefruit stored 
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Table 10. —Effect of mineral oil on pitting of grapefruit 
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Table 11 .—Effect of waxing on storage diseases of grapefruit 
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Fruit that was heavily waxed before storing developed less definite 
pitting than the controls in all of 32 cases where the disease was 
present in the controls, and the average reduction was about 82 
percent (table 11). Heavy waxing resulted in the reduction of mild 
pitting in 26 out of a total of 33 tests, with an average reduction of 
about 63 percent. There was little contrast in the effect of waxing 
upon definite pitting at 32°, 34°, 36°, and 40° F. The reduction in mild 
pitting was greater at 36° than at 32° and 34°. The effect of the 
waxing upon both forms of pitting was more pronounced with low- 
humidity storage than with high-humidity storage. 

The above contrasts in definite pitting were fully maintained when 
the fruit from 34°, 36°, or 40° F. was held for a week after removal 
from storage; i. e., more than five times as much definite pitting 
developed on the control fruit as on the waxed fruit in this period. 
In three-fourths of the lots stored at 32° the contrasts in definite 
pitting resulting from the waxing of the fruit were also maintained 
upon removal from storage, but there were a few definite exceptions. 

The contrasts in mild pitting were fairly well maintained on the 
fruit from 36° and 40° F. upon removal from storage, but were largely 
lost on the fruit from 32° and 34°. 

Browning of the oil glands, scald, and watery break-down were of 
sporadic occurrence, but there were several instances in which the last 
two of these diseases were very greatly increased as a result of waxing. 
Most of these instances were with fruit held at 32°. The modifying 
effect of temperature changes upon scald and break-down of waxed 
fruit is shown in table 8. 

Experiments were made to determine the effects of delaying the 
application of w ax for various periods after the fruit had been picked. 
Certain lots of fruit were waxed at Orlando at the time of packing, 
and comparable lots were similarly waxed 4 days later after shipment 
to Washington. In other experiments fruit was waxed after 1, 2, or 
3 weeks’ storage at 32° or 36° F. and compared with fruit that was 
waxed before storing at these temperatures. In all cases the results 
from delayed waxing were similar to those obtained from earlier 
applications. 

The effect of waxing upon flavor was tested with various lots. 
There was seldom universal agreement among the persons making the 
tests, but the waxed fruit from 32° F. storage was usually rated lower 
than the control fruit from that temperature. The waxed fruit at 
36° was often given as high rating as the control fruit and sometimes 
a higher rating. The fruit that had been heavily waxed seemed in 
some cases to do slightly less acid than the control fruit. 

In most if not all of the above experiments the application of wax 
was heavier than would bo practical under any commercial operation. 
In the later experiments an effort was made to secure a lighter waxing 
of the fruit. The lighter applications gave equally good results on 
the storage diseases, with little, if any, indication of any change in 
flavor. 

The fruit that was waxed or wrapped in heavily oiled paper always 
looked fresher and had a better appearance than the control fruit. 
It also showed much less loss nrweight. With bigh-humiditv storage 
the control fruit usually showed a loss in weight of about 1 percent 
by the end of the first month, 2 percent by the end of the second 
month, and a much more rapid rate of loss with longer holding, 
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whereas the fruit that was waxed or wrapped in heavily oiled paper 
showed a rate of loss that was approximately 50 percent lower. With 
low-humidity storage the effect of waxing on loss of weight was much 
greater. 

The w r axes used in the above experiments consisted in all cases of 
a mixture of wax and oil combined in such proportion as to give a 
pliable product that could be readily rubbed on the fruit. Petrolatum 
and glycerin were occasionally included in the mixture, and water 
was sometimes added in an emulsion. Paraffin and earnauba were 
the usual waxes, and in some cases a small percentage of beeswax was 
added. Mineral oil was used in all instances. The writers have no 
best formula to recommend and are of the opinion that the modifying 
effects resulting from waxing arc largely determined by the complete¬ 
ness of the covering. 

in the experiments w r ith lot 25, wax emulsions were tested in com¬ 
parison with the wax mixtures reported above. The emulsions were 
prepared as follows: 

A mixture consisting of 5 gallons of water, 0.9 pound of st^ric 
acid, and 0.4 pound of triethanolamine was boiled gently with careful 
stirring until the acid w as completely dissolved, giving a smooth soap 
solution. In a separate container 8.7 pounds of paraffin was melted 
over a hot water bath, care being taken that the temperature did not 
rise above 190° F. The melted paraffin was added to the boiling soap 
solution and stirred vigorously until an even dispersion of the wax 
was obtained; it was then stirred gently but continuously until cooled 
to room temperature. 

Before being used, this emulsion was diluted, in some cases to 50, 
in some to 10, and in others to 1 percent of its original strength. The 
diluted emulsions were heated to 110° F. and the grapetruit was 
treated by rolling it around in the liquid for 1 to 3 minutes. In some 
castes the fruit was rubbed with a cloth after the emulsion treatment; 
in others it was dried before a fan. 

In a few r tests a modified emulsion w as used to which beesw T ax and 
petrolatum had been added, and in another test ammonia was sub¬ 
stituted for the triethanolamine. 

The fruit that had received the various emulsion treatments was 
stored at 30° F. for comparison with similar untreated fruit and 
with fruit that had been coated with a mineral oil-wax mixture, as 
described abo\e. 

At the end of 10 weeks the waxed fruit showed a reduction in def¬ 
inite pitting of about 77 percent and a reduction in mild pitting of 
about 36 percent as compared with the control fruit, whereas the 
\ arious emulsion treatments gave practically no reduction in either 
form of pitting. The waxed fruit showed a 30-percent reduction in 
loss of weight as compared with the control fruit, whereas the fruit 
that had received emulsion treatments showed an average of 6 per¬ 
cent reduction. There was no consistent variation in pitting nor in 
the loss in weight resulting from the different emulsion treatments. 

EFFECT OF CHEMICAL VAPORS AND PEEL EXTRACTS 

Grapefruit w as found to respond to treatment with various chemi¬ 
cal vapors. In the experiments reported in table 12 the fruit was 
held in 9-quart jars at room temperature during a 2-day treatment 
and later was stored at 32° or 36° F. The chemicals were dropped 
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into the jars from a pipette upon dry filter paper, and the jars were 
immediately closed. 

The pitting produced by the vapor from the various chemicals was 
not always identical in appearance with that on the controls, yet the 
resemblance was close. It seems evident that many widely different 
chemicals are capable of producing pitting or of irritating the peel in 
such a manner that pitting follows 

In other experiments it was found that lemon oil applied in patterns 
to the peel of grapefruit occasionally produced injury in 32° and 36° 
F. storage. Steam-distillation extracts of grapefruit peel similarly 
applied produced injury resembling pitting in 8 out of 12 tests at 
both 32° and 40°. When grapefruit was held in closed jars at 70° 
and 3 to 6 cc of peel extract was introduced into the jars, slight but 
definite injury was evident in 4 days 

Puncturing the oil cells with a needle resulted in pitlike injuries, 
and in some instances there was a marginal browning that indicated 
injury from the oil released in puncturing. 

Various attempts were made to produce similar effects by bruising 
the peel or by rubbing one grapefruit with the peel of another. In 
most cases the results were negative, but distinctly positive results 
were obtained with lruit from lot 25. The fruit had been in low- 
temperature storage several weeks before the experiment was started 
but had been warmed to room temperature before the treatments 
were given. Oil and juice were squeezed out of fresh grapefruit peel 
and rubbed on marked areas on other grapefruit, aiici the fruit was 
then stored at 31°, 32°, and 36° F. After 1 month’s storage 18 out 
of a total of 48 treated areas showed injury, whereas the untreated 
areas remained free from injury There was no significant contrast 
in the results at the different temperatures. 


Tabie 12 Fffect of various cfnmical vapors upon qiapefruii 


( hcnncal 


Quantity 


MTcct of treatment 


Ammonia 


(( 

0 8 to 1 7 


Do 


0 Ho 0 7 


Acetic acid 
Do 

Alcohol 95 percent 
Acetaldehyde 
Do 

* ormalin 
Petroleum ether 
Do 


0 Ho 3 0 
0 3 
3 to 5 
0 4 to 0 5 
0 i 

0 3 to 1 7 
2 r > to 3 
1 to 2 


Pitting greatly increased Fruit more yellow 
in some cases 

No contrast in pitting *ruit more yellow in 
some cases 

Pitting greatly increased color decreased 
No evident effect 
Do 

Pitting greatly increased 
No evident effect 
Pitting greatly increased 
Pitting worse than in controf 
No«evident effect 


The injury reported in table 12 was largely in the nature of definite 
pitting; that produced by lemon oil and grapefruit extracts was almost 
entirely of the oleocellosis type (fig 8) but shading off in some instances 
into various degrees of pitting. 

DISCUSSION 

The foregoing experiments seem to give abundant proof that the 
seriousness of the storage diseases of grapefruit may be greatly modi¬ 
fied by after-harvest treatment, yet the results have not always been 
consistent. Great care was taken in selecting and sampling the fruit 



348 Journal of Agricultural Research voi. 52 , no. 5 


for treatment but it was found extremely difficult to make certain 
that the lots to be compared were physiologically similar. As grape¬ 
fruit is seen in the picking crate or in the packing house there is con¬ 
siderable variation in the thickness of the peel and in the smoothness 
of its surface, and this physical variation is apparently indicative of 
differences in physiological response. The maturity of the fruit is 
also a disturbing factor from the standpoint of accurate experimenta¬ 
tion. The grapefruit tree has a prolonged season of blooming, and 
fruits hanging side by side with no difference in appearance may be 
months apart in actual age. Fruit that is picked in the fall is likely 
to be from the early bloom and fairly uniform as to age, whereas 
fruit picked in the spring may be from the early, intermediate, or late 
bloom and represents a wide variation in age and probably in senility. 
From the standpoint of accurate experimentation the early pickings 
should be more desirable, but from the practical point of view it is 
the later pickings that should be studied because it is the late fruit 
that is likely to be stored. 

With this background of variability it is not surprising th^t the 
results are not always consistent. It is not only possible tha? the 
individuals of a particular lot of fruit may have a wide variation in 
physiological condition but that the whole lot may be physiologically 
different from another lot, especially if grown in a different section 
or picked in a different season. 

In spite of the variability in material and in results, certain prin¬ 
ciples regarding the storage behavior of grapefruit appear to have 
been established. Pitting has been decidedly increased by low 
humidity in the storage atmosphere, by the placing of soil or other 
foreign material inside the wrappers, and by the impregnation of the 
wrappers with glycerin. It has been decreased by high humidity in 
the storage atmosphere, by the use of cellophane, paraffin, or heavily 
oiled wrappers, and by coating the fruit with various oil-and-wax 
mixtures. All of these agencies have had a modifying influence upon 
the loss of moisture from the fruit, and it is the tentative opinion of 
the writers that this may be the main cause of their harmful or bene¬ 
ficial effects. This does not mean that pitting is to be considered a 
mere drying out of the peel. It is entirely distinct from shriveling 
and apparently is due to the effect that loss of moisture has upon 
enzyme or other physiological activities. A recent publication by 
Lauritzen and Balch {10) is significant in this connection. They found 
that the inversion of sucrose in the pile of sugarcane is intimately 
associated with the loss of moisture, increasing with the drying out 
of the cane. It seems probable in the present case that high humidity 
tends to delay some phase of destructive metabolism in the peel. 

Nelson {1 /) has recently concluded that pitting of grapefruit is prob¬ 
ably a manifestation of suboxidation. He was able to produce typical 
symptoms by holding the fruit in nitrogen at room temperature for 
4 to 7 days. At temperatures of 31° to 33° and 38° to 42° F., pitting 
developed in 17 to 22 days when there was no deficiency of oxygen 
in the storage atmosphere. Two hypotheses were offered as possible 
explanations for the occurrence of the disease at low temperatures; 
one, that the oxidizing system is affected by low temperature to such 
an extent that there is a slow accumulation of toxi$ materials; the 
other, that low temperature may cause a preponderance of hydrolytic 
activity resulting in excessive splitting of substances like glucosides 
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and the consequent accumulation of materials that poison the proto¬ 
plasm. 

The data of the present paper give considerable support to Nelson’s 
hypotheses and conclusions, yet there is much that can be interpreted 
otherwise. 

Coating apples with oils and waxes or wrapping them in oiled paper 
is known to increase the carbon dioxide content and decrease the oxy¬ 
gen content of the internal atmosphere and the same thing is probably 
true for grapefruit, yet treatments ol this type, as well as prestorage 
treatment with carbon dioxide, have resulted in a decrease in pitting. 
These facts do not seem to be in harmony with the theory of sub¬ 
oxidation yot they do not preclude the possibility that, other things 
being equal, a low oxygen supply may favor the development of the 
disease. Soft scald of apples has been classed as a suboxidation dis¬ 
ease and, like pitting of grapefruit, is decreased by coating the fruit 
with wax or by prestorago exposure to high temperature or to carbon 
dioxide gas(#). This complete parallelism under such diverse treat¬ 
ments between diseases of two fruits so widely separated as the grape¬ 
fruit and the apple makes a basis for interesting speculation, and would 
seem to form a background in the search for a fundamental cause, 
viz, some condition of metabolism that might be similarly modified 
by the various treatments. 

Pitting of grapefruit and soft scald of apples are similar also in 
having definite temperature limitations, but their critical tempera¬ 
tures are different. Soft scald is most pronounced at a storage tem¬ 
perature of 30° to 32° F., and is largely eliminated by holding the 
fruit at 36° to 38°, whereas definite pitting is much worse at 30° 
than at 32°, but can be largely prevented by storing at a temperature 
of 45° to 50°. Whatever similarity there may be in the fundamental 
causes of the two diseases, it is evident that there are factors involved 
for which the temperature requirements are distinctly different. 

Scald and watery break-down of grapefruit can be more readily 
classed as suboxidation diseases than pitting. They are increased by 
coating the fruit with wax and by subjecting it to high temperatures 
prior to storage, and their occurrence is especially favored by storage 
at 30° to 32° F. 


Certain phases of the present report have important practical sig¬ 
nificance. Perhaps the most significant fact is the emphasis given to 
humidity. It has been commonly recognized that a high humidity is 
desirable in the stoiage rooms for grapefruit, but it is doubtful whether 
its extreme importance has been fully realized. 

Rubbing a coat of w ax (a mixture of wax and oil) on the fruit has 
greatly decreased pitting and decreased the loss in weight, but attempts 
to secure a satisfactory coating by means of wax emulsions have 
proved a failure under the conditions of the experiment (p. 346). 

It has been found that grapefruit can be exposed to low tempera- 
ture» for 2 weeks and sometimes for 3 or 4 weeks without the tendency 
toward physiological disorders becoming irreversibly established. 
Applications of wax at the end of 2 or 3 weeks’ storage have been 
practically as effective in controlling pitting as have similar treat¬ 
ments before storage. Moving the fruit from 32° or 36° to 70° F. for 
1 day or to 50° for 1 week at the end of 2 weeks’ storage resulted in a 
great decrease in pitting, and moving it to 50° permanently at the 
end of 2 weeks resulted m practically complete elimination of pitting. 
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These results need further checking, but if it can be definitely estab¬ 
lished that grapefruit can be held for at least 2 weeks at a low tem¬ 
perature without developing a permanent tendency toward pitting it 
should make possible greater freedom in methods of shipment and stor¬ 
age, especially with fruit from sections where decay is a serious problem. 

The knowledge that pitting, scald, and watery break-down are 
definitely decreased by removal to higher temperatures for short 
periods at the end of 1 or 2 weeks’ storage at 32° or 36° might be of 
value at times in planning the transfer of fruit from shipping point to 
market-terminal storage. 

SUMMARY 

Descriptions are given for two forms of pitting and for scald, 
oleocellosis, browning of the oil glands, and watery break-down of 
grapefruit. 

Bacteria were readily isolated from pitted tissue and certain forms 
were found capable of producing pits w hen inoculated into grapefruit 
peel but various modifying factors indicate that the disease is not 
primarily of bacterial origin. ** 

Mild pitting was more pronounced and definite pitting about five 
tunes as bad at low as at high humidity. Both were increased by 
placing a small quantity of soil, sand, or charcoal inside the wrapper, 
or by impregnating the wrappers with glycerin, and all of these treat¬ 
ments resulted also in a decided increase in the loss of moisture. 

Definite pitting was much more serious at 30° and 40° F. than at 
32°, whereas mild pitting was somewhat w T orse at 32° than at 30° and 
40° Both were practically eliminated by holding the fruit at 50° F. 
Scald and watery break-down were worse at 30° and 32° than at 30° 
and 40®. 

Holding grapefruit at temperatures of 00° to 75° F. before storing 
it at 3f>° resulted in a definite decrease in pitting, but holding the 
fruit at 50° before storing it at lower temperatures had no effect upon 
the later development of pitting. Prestorage heating for 17 to 22 
hours at a temperature of about 100° resulted in a very great de¬ 
crease in |)itting in fruit stored at 30° or 40°, but in many cases gave 
a definite increase in fruit stored at 32°. Scald was much worse on 
heated fruit, especially that subsequently held at 32° storage. 

Removing the fruit from room temperature for 1 day at the end of 
1 week and again at the end of 2 weeks or moving the fruit to 50° F. 
for 1 w r eek at the end of 2 w T eeks resulted in a decided reduction in 
both definite and mild pitting and also in scald and watery break¬ 
down.^ Removing the fruit to 50° permanently at the end of 1 or 2 
weeks’ storage at a lower temj^erature resulted in the practical elimi¬ 
nation of physiological disorders. 

Exposing grapefruit for 20 to 48 hours to atmospheres containing 
20 to 45 percent of carbon dioxide before placing it in low T -temperature 
storage resulted in a definite decrease in the later development of 
pitting, the best results being obtained with the longer treatments 
and the higher percentages of gas. 

Storing the fruit in paraffin or cellophane wTappers gave a reduction 
in pitting similar to that obtained with initial carbon dioxide treat¬ 
ments. 

Excessively oiled wrappers gave a much greater reduction in pitting 
than paraffin or cellophane wrappers. 
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Coating the fruit with mixtures of mineral oil and wax resulted 
in a much better control of pitting than any type of wrapper used but 
sometimes caused an increase in scald and watery break-down, es¬ 
pecially with heavy coating and 32° F. storage. 

Fruit held at 50° F. soon developed a very high percentage of stem- 
end rot, whereas fruit held at 40° or lower usually showed no decay 
at the end of 8 weeks’ storage. 
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EXTENT OF VERTICAL MIGRATION OF HORSE STRON- 
GYLE LARVAE IN SOILS OF DIFFERENT TYPES 1 

By John T. Lccker 

Junior zoologist, Zoological Division, Bureau of Animal Industry, United States 

Department of Agriculture 

INTRODUCTION 

Plowing under of soil infestod with eggs and larvae of livestock para- 
sitos is generally considered a useful prophylactic measure against 
worm parasites. However, in 1932, Hall (2) 2 called attention to the 
lack of adequate information concerning the ability of nematode 
larvae to migrate vertically in soil, and emphasized the need for 
experimental investigations on this subject. The experiments 
described in this paper were undertaken to obtain information on 
tho extent to which the vertical migration of horse strongyle larvae in 
soil occurs. Such information is closely related to tho value of plow¬ 
ing under as a control measure for horse strongyles. 

REVIEW OF LITERATURE 

Since Ransom’s (o) investigation on the life history of Haemonchus 
contortus, published in 1906, various investigators have noted a ten¬ 
dency on tho part of infective strongyle larvae to climb up the walls 
of glass containers when a film of moisture was present on tho sides of 
the culture vessels. Noller and Schmid (4) reported that horse 
strongyle larvae commonly show this tendoncy. Enigk ( 1 ) stated 
that theso larvae climb up stable walls which have been treated 
with milk of lime, provided tho boards are moist. Wetzel’s comment 
on Huber’s paper (3, j>. 710) noted that horse strongyle larvae climb 
up grass blades in wet or damp weather and return to feces or soil as 
sunshine dries the grass. Schwartz, Imes, and Wright (7) make the 
following statement regarding the vertical migration, on grass, of 
larvae of the large horso strongyles: 

When the air is sufficiently moist so that the grass becomes covered with a 
film of moisture, as happens iu times of rain, dew, or fog, the larvae migrate up 
the grass blades and this brings them to a favorable situation to be swallowed 
by horses while grazing. 

This statement was based on observations by Schwartz 3 who, by 
means of the Baermann apparatus, isolated horse strongyle larvae 
from those portions of blades of grass which had no contact with the 
soil, the larvae being especially abundant on the pass after dews or 
rains. Similar observations have been reported m connection with 
the behavior of larvae of other strongylid nematodes. 

So far as is indicated by examination of the literature dealing with 
the behavior of horse strongyle larvae, the vertical migration of these 
larvae in soil has not been previously investigated. In fact, investi- 

1 Received for publication Oct. 2,1935; issued April 1936. 

9 Reference is made by number (italic) to Literature Cited, p. 361. 

1 Personal communication to the author. 
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gations concerning the vertical migration in soil of the larvae of 
strongyles of domestic animals have been confined to only a few 
species. Koss and Kauzal (6) recently reported experiments which 
indicate that the infective larvae of Stephanurus dentate, a species 
parasitic in swine but reported once from an equine, showed very little 
tendency to reach the surface of mud when buried to depths varying 
from about 5 to 7.5 cm; Spindler (9) buried several hundred infective 
larvae of S. dentatvs beneath 2.5 inches of moist soil in each of 12 tin 
cans; only 9 larvae were recovered from the surface soil in the cans 
during the course of daily examinations over a period of 3 weeks. 
Spindler did not find larvae of this parasite in six weekly examinations 
of the surface soil from a freshly plowed pasture which had harbored 
numerous Stephavurus larvae before the land was plowed. The 
same investigator (S) obtained a similar result in an extensive field 
investigation involving the vertical migration in soil of the larvae of 
(hs()])h<i(jos1<)inum of swine. 

METHODS USED IN THIS INVESTIGATION 

** 

Freshly passed horse feces, uncontaminated with bedding or soil, 
were collected and cultured in glass containers at room temperature 
(09° to 7fi° F.). Infective larvae were obtained from these feces by 
means of the Baermann isolation apparatus. 

Soils \arying as much as possible in type were obtained near 
Beltsville, Kid Screened soil of the desired type was rendered 
helminthologieally sterile by heating it in open pans until all of it 
reached a temperature of at least 150° F. In some tests unheated 
soil was used; this soil was taken from localities to which, so far as is 
known, horses had had no access. Moreover, before unsterilized soil 
was used in the tests, samples were placed in the Baermann apparatus 
and no horse strongyle larvae were found in them. 

The sterilized and tested unsterilized soils were moistened with 
water and firmly packed into containers, usually wooden boxes. The 
boxes either had wooden bottoms in which a number of holes were 
bored, or bottoms of fine wire screen in order that w r ater might pass 
downward through the soil in a normal manner. Excavations about 
1.5 inches in diameter and of the desired depths were made in the 
center of the soil in the containers. 

Except in one experiment, no. S, larvae winch had attained the 
infective stage not more than 1 or 2 w T eeks previous to the commence¬ 
ment of the experiment, suspended in a few cubic centimeters of water, 
were placed at the bottom of the excavations by means of a long glass 
pipette. A few minutes were allowed to permit absorption of the 
water by the soil before the excavations were refilled with the previ¬ 
ously removed soil, which was carefully compressed. In all the 
experiments except no. 8, the larvae placed in the soil were counted, 
a dilution method being employed for this purpose. 

In making the vertical-migration studies, 10 experiments were 
carried out. Experiments 1 and 3 were performed in the laboratory. 
Glass tubes about 8 inches high and 6 inches in diameter, open at 
both ends and resting on tin plates, were used as containers for the 
soil. After the larvae had been buried, lids were placed over the 
mouths of the tubes and the preparations were placed in a dark cup¬ 
board where they remained throughout the duration of the experiment. 
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Experiments 2, 5, 7, 8, and 9 were made outdoors on small fenced 
plots in the vicinity of Beltsville, Md. In experiments 2, 7, and 9, 
wooden boxes about 13 inches square and 8 inches deep were used as 
containers for the soil. The boxes were sunk in sandy soil in such a 
manner that their upper edges protruded 1 inch above the surface of 
the ground, and the level of the soil in the boxes was about the same 
a^ that of the surrounding soil. In experiment 5, boxes about 17 
inches square, having a depth of either 4 or 8 inches, were used. 
They were placed in shallow excavations made in sandy soil. In 
experiment 8, four bottomless wooden frames, about 15 inches square 
and 10 inches deep, were sunk in sandy soil to such a depth that their 
upper edges protruded about 1 inch above the surface. The soil was 
completely remo\ed from within the frames and replaced with tested 
sand. Pellets of horse feces containing large numbers of infective 
horse strongyle larvae were buried at the bottom of excavations, about 

3 inches in diameter, prepared in the soil within each frame. 

Experiments 4, G, and 10 were carried on inside a small wooden 

shelter located on a shaded lot. The shelter afforded complete pro¬ 
tection from rain, and the temperature within the shelter varied in 
accordance with the temperature of the outside air. In each experi¬ 
ment, two wooden boxes about 13 inches square, one of which was 

4 inches and the other 8 inches deep, were used as containers for the 
soil. Tall metal cylinders about 12 inches in diameter were pressed 
into the soil to a depth of about one-half inch to prevent larvae from 
migrating out of the boxes as a result of possible lateral movement in 
the surface layer. A large metal box, about G feet long, 4 feet wide, 
and 15 inches deep, was filled with moist soil, and the wooden boxes 
were sunk in this soil in such a manner that the level of the soil within 
and without the wooden boxes was approximately the same. Water 
no< only was sprinkled on the surface of the soil in the wooden boxes 
from time to time but also was poured into a short metal pipe located 
m one corner of each box. 

In all experiments in the laboratory or under shelter, the soil was 
kept moist by the addition of water from time to time. The varia¬ 
tion in the temperature of the laboratory has been indicated pre¬ 
viously. In the outdoor experiments in which no shelter was pro¬ 
vided, water was not added to the soil in the boxos after the larvae 
were buried. Precipitation invariably occurred during the period in 
which the experiments were in progress. 

At the expiration of the desired interval, the entire surface layer of 
the soil in the container was scraped off with a spoon or spatula to a 
depth of about one-eighth of an inch to collect larvae that had migrated 
to the surface. The scrapings were placed in the Baermann appa¬ 
ratus, and after 24 hours or longer the fluid was withdrawn from the 
bottom of the rubber tubing and the larvae recovered were counted. 

EXPERIMENTAL DATA 

VERTICAL MIGRATION AS AFFECTED BY TYPE OF SOIL 

The data pertaining to the vertical-migration experiments with 
different types of soil (table 1), show that in from 19 to 53 days there 
was extremely little migration of horse strongyle larvae to the surface 
of clay soil from depths of 1 to G inches. In heavy sandy loam to clay 



Table 1.- —Results of experiments on vertical migration of horse strongyh larvae in types of sod indicated 
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loam and sandy clay loam, very few of the larvae buried to depths of 
4 to 5.5 inches reached the surface in intervals ranging from 28 to 37 
days; from depths of 1 to 2.5 inches, however, appreciable numbers of 
larvae reached the surface in from 26 to 44 days. In sandy loam and 
sandy light clay loam, small percentages reached the surface from 
depths of 1 to 0 inches in from 23 to 67 days. Likewise, small per¬ 
centages reached the surface of coarse sand from depths of 2 to 0 
inches in from 28 to 44 days. The results of experiment 8, although 
the larvae buried were uncounted, indicate that considerable numbers 
reached the surface of coarse sand in 1 month when small quantities 
of horse feces were buried from 3 to 8 inches beneath the surface. Jn 
general the individual experiments show that the percentage of larvae 
which reached the surface varied inversely w T ith the depth of burial. 

VKKTIC\L MIGRATION AS AFFECTED BY LATERAL SUBSURFACE MIGRATION 

Since the soil containers used in the vertical-migration experiments 
were \erv limited in size, it was desirable to know" whether the results 
might have been affected by lateral migration of the larvae be^ath 
the soil surface to the edges of the containers, followed by ascent 
along the surface of the containers. Two experiments wore per¬ 
formed to determine the extent of such migration, sandy light clay 
loam being used in each experiment. 

In the first of these experiments, a covered wooden box 7\ inches 
long, 6 inches wide, and Ob inches deep, wuis filled with soil. The box 
was so constructed that sections of the sides could be withdrawn 
without disturbing the position of the moist soil. On March 24, 
88,000 lan ae w ere buried to a depth of 4 inches in the center of the soil. 
The distance from the sides of the rectangular excavation, in which 
the larvae were placed, to the sides of the box was 2j 4 inches. On 
April 10, 17 days after the experiment began, 06,500 larvae were recox - 
ered from the surface soil. Of these larvae, 143 were in the soil 
directly above the area wdiere the larvae were originally buried, 004 
were in the surface soil within a distance of about 1 inch from the 
central rectangular area, and the remainder were recovered from the 
area extending from this point to the sides and ends of the box. Sec¬ 
tions of one side of the box were removed, and 42 larvae were found in 
the soil of the lateral surface at an average distance of inches from 
the top; 16 larvae were found at an average distance of V/ A inches from 
the top. On the opposite side, 25 larvae were found in the lateral 
surface soil at a distance of about 2 inches from the top. Larvae were 
isolated also from the surface of the wooden sections removed from the 
box. 

In the second experiment a w'ooden box about 17 inches square and 
6 inches deep, resting on a thin layer of moist soil in a large metal tray, 
was filled with soil. About 94,000 larvae were buried in a central 
excavation 1 inch in diameter and 2 b inches deep. A metal cylinder 
2 l o inches in diameter was placed directly over the spot beneath which 
the larvae were buried; the low T er edge of the cylinder was pressed into 
the soil to a depth of about one-half inch. In a similar manner, tall 
metal cylinders, 5, 8, and 10 inches in diameter, were placed concen¬ 
trically about the small cylinder. Barriers were thus erected to pre¬ 
vent the possibility of migration of larvae laterally on the surface of 
the soil, the arrangement permitting a determination and comparison 
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of the number of larvae reaching the surface in eacli of the five separate 
areas so produced. After 19 days the surface soil from the area 
extending from the edges of the largest cylinder to the sides of the box 
was removed, and after 21 days the surface soil from each of the 
remaining areas was removed, each sample being separately examined. 
The results are shown in table 2. 


Tahle 2 —It (bulls of (xpu imuit to tit termini tffect of lataal bubsiofatt migtaUon on 
vutiial miqmtion of hotbt blionqyh lenvae 



1 -in vae recovered » 


Larvae recovered 1 

\mi no 

I rom sui 
face soil 

Pei square 

UK ll of sin 
face 

Aie i no 

Horn sur- 
fm e soil 

Per square 
inch of sur¬ 
face 

I ((enter) 

V umber 

A 4(H 
{ on 
is 

Nu mix r 

707 

2W> 

W 

4 

5 (outer). 

A iimbt r 

2 

8 

Number 

0 07 
04 


'I he tot il mini tier of In vae buned was 94,000 


The data from the two experiments just described indicate that 
lateral migration beneath the soil surface occurs during the ascent of 
the larvae to the surface layer. In reaching the surface from a depth 
of 2 K inches, in the second experiment, a few larvae migrated laterally 
4U inches or more, but the vast majority did not migrate more than 
2 inches laterally during their ascent. In this experiment approxi¬ 
mately 7 percent of the buried larvae reached the surface from a depth 
of 2 [ 2 inches in from 19 to 21 days. In the first experiment, about 7f> 
percent of the buried larvae reached the surface in 17 days. 

DISCUSSION 

It is difficult to compare the writer’s results with those of Ross and 
Kauzal (6) and Spindler (9) in their experiments with larvae of 
Stephanurus dentatus , since these investigators did not definitely 
mention the type of soil used. Spindler (#, 9) concluded from his field 
studies that plowing the soil under and later growing a crop on it frees 
the land of Stephan urns and Oesophagostomvm larvae; this procedure 
is regarded by Spindler as an effective control measure for these 
parasites. 

In the waiter’s experiments, horse strongyle larvae migrated 
vertically in coarse sand, sandy loam, sandy light day loam, sandy 
clay loam, and heavy sandy loam to clay loam, distances equivalent to 
those attained by shallow to average plowing (from 4 to 0 inches). 
However, from such depths only from 0.003 to 1.2 percent of the buried 
larvae reached the surface of these soils in from about 3 weeks to 2 
months. If it is assumed that the rates of migration indicated by 
the experiments for the periods mentioned remain approximately 
constant, it is evident that only a small percentage of the larvae 
actually buried 4 inches or deeper would reach the surface of the soil 
in the course of a year. However, the writer’s experiments showed 
also that a considerable percentage of buried larvae quickly reached 
the surface from shallow depths, particularly in loam soils. It is 
evident, therefore, that although plowing under of infested soil 
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undoubtedly possesses considerable value as a control measure for 
strongylidosis in the horse, the efficacy of this control measure has 
definite limitations, being affected by the depth to which the larvae 
are buried and the type of soil in which they are present. It is 
indicated by the experiments that if larvae are buried in clay soil by 
plowing, very few will subsequently reach the surface. 

The experiment described on page 358, in which a very large per¬ 
centage of buried larvae quickly reached the surface of sandy light 
clay loam soil from a depth of 4 inches, may appear to present a result 
inconsistent with certain of the above statements. The succeeding 
experiment (p. 358)suggests, how ever, that the larvae migrated laterally 
beneath the surface of the soil to the sides of the box and ascended 
these moist surfaces to the upper soil layei. Enigk (f), as already 
stated, has shown that horse strongyle larvae migrate vertically along 
moist wooden surfaces. Such upward migration probably occurs on 
plant roots. The results of these two experiments indicate that 
lateral subsurface migration was not a factor seriously influencing the 
results of the writer s experiments on vertical migration. 

SUMMARY AND CONCLUSIONS 

Experiments performed indoors and outdoors indicate that there is 
practically no vertical migration of horse strongyle larvae in clay soil. 

Experiments made indoors and outdoors under shelter showed that 
extremely small percentages of buried larvae reached the surface of 
heavy sandy loam and sandy clay loam from depths of 4 to 5.5 inches 
in from about 4 to (i w r eeks. During similar periods, 3.5 percent or 
more of buried larvao reached the surface of these soils from depths 
of 1,2, and 2.5 inches. 

Both indoor and outdoor experiments involving sandy loam and 
sandy light day loam soils showed that from 0.027 to 7 percent of 
buried larvae reached the surface from depths of 1 to 6 inches in from 
19 to 07 days; in general, the percentage of larvae reaching the surface 
varied inversely w r ith the depth to which they were buried. An ex¬ 
periment in which about 75 percent of the buried larvae reached the 
surface in less than 3 weeks is excepted in these statements because 
the data indicate that the larvae ascended the moist wooden sides of 
the small box in which the soil w'as kept. Larvae probably could 
ascend plant roots in the same way. 

Small percentages of larvae reached the surface of coarse sand 
from depths of from 2 to 6 inches in from 28 to 44 days. In a non- 
quantitative experiment involving coarse sand, appreciable numbers 
of larvae reached the surface from depths as great as 8 inches in about 
4 w r eeks. 

Experiments involving sandy light clay loam showed that during 
vertical ascent to the surface some larvae migrated laterally for short 
distances beneath the soil surface. 

Deep plowing under of infested soil should be of somo value for the 
control of strongyle parasitism in horses, but the efficacy of this con¬ 
trol measure is subject to definite limitations, particularly in respect 
to the depth at which the larvae are buried by plowing and the type 
of soil in which they are present. Clay soil presents an almost 
complete barrier to the vertical movement of the larvae. 
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ZINC AND OTHER MINERAL CONSTITUENTS IN RELA¬ 
TION TO THE ROSETTE DISEASE OF PECAN TREES 1 


B\ A H. Finch 2 

Associatt hortu ultuubt, Arizona Agricultural Experiment Station 

INTRODUCTION AND REVIEW OF LITERATURE 

Rosette is a physiological disease of pecan trees. Symptoms are 
variable but usually include a mottled chlorosis and crinkling of 
newer tipmost leaves and shortening of the internodes of new shoot 
growth. Atlected leaflets do not attain normal size and are fre¬ 
quently malformed. A necrosis and abscission of leaflets and entire 
leaves may follow. The resulting leafless shoots frequently die back. 
New growth arises below the dead area. This usually becomes 
affected in the same or subsequent growing season. The tree becomes 
misshapen and worthless, though it seldom dies outright. The dis¬ 
ease occurs widely throughout tin* Southern States. Its presence 
was reported in Arizona in 1911. 

In studies of pecan rosette in Arizona previously reported (#), 3 it 
was found that both strongly and weakly vegetative trees are affected. 
This fact was interpreted as meaning that factors responsible for 
rosette are somewhat independent of those governing length of 
vegetative extension. Amount and length of growth in plants have 
been reported by many workers to be closely related to carbohydrate 
and nitrogen nutrition in the plant. If imperfections in nutrition 
were responsible for rosette, they would be of a mineral rather than 
of an organic origin. Some ions and elements are not readily available 
in alkaline soils. Occurrence of Josette is common on, but not 
limited to, alkaline soils. 

Similar chloroses and malformations in other plants have been 
induced by growing the plants in a nutrient deficient in certain ions 
( 4, 11) or, where occurring in the field, have been corrected by appli¬ 
cation of minerals not supplied in ordinary fertilizers (, 2 , 10 } 21). 

As organic nutrition is unlikely as a cause, and some ions may 
not be satisfactorily available in the alkaline soils of Arizona, and 
also since rosetted trees displav symptoms similar to those in other 
plants which were corrected by the addition of certain ions, the 
conclusion was that rosette might be due to a mineral deficiency. 
To test for a mineral deficiency, the most eflective procedure is to 
use many differing elements and ions and to apply them singly, not 
to the soil where fixation might render them unavailable to the tree 
or where a response of the tree to then! might be slow’ or indefinite, 
but rather to apply them directly to the aboveground parts of the 
tree where their effect might be readily noted. This procedure 
revealed that pecan rosette yielded to treatment with zinc (8). A 

» Received for publication July 9, 1935. issued April, 1936 

2 The writer is indebted to the members of the Department of Agricultural Chemistry, University of 
Arizona, who kindly permitted the use of their laboratory and equipment for conducting the analyses 
described herein Esiiecially is gratitude extended to Dr R A Oreene, who gave counsel throughout the 
analytical procedure 
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similar method was used by Alben et al. ( 1 ). Other workers have 
reported a curative action of zinc (6). 

The various data leave little doubt but that pecan rosette yields 
to treatment with zinc. Before this can be finally concluded, a 
strictly chemically pure form of zinc must be used. As far as the 
writer is aware no worker has yet used such a material. The fact 
that similar symptoms in peach, plum, apricot, grape, walnut, and 
orange in California (5), cherry in Oregon {15), citrus m Arizona (7), 
and tung, citrus, and corn in Florida {17) respond similarly to zinc 
indicate a common causal relation of the various diseases. 

Kosetted pecan trees in Arizona respond readily to the application 
of zinc sulphate to the soil around the trees (0), and are now being 
treated satisfactorily in that way. In the alkaline soils of Arizona, 
pecan trees are not injured to any appreciable extent by a toxic 
action of zinc sulphate in the soil. Similar treatment of citrus 
mottleleaf is not practical here because of the toxic action of zinc 
on the trees, as lias been reported by Barker (18) in California. 
Further information on the occurrence and availability of zinc in 
the soil may lead to the devising of cultural methods to make zific 
more available and thereby effect a remedy without the actual 
addition of zinc. The present paper reports experiments in which 
zinc was used in treating pecan trees affected with rosette. 

THE PROBLEM 

With the recognition that pecan rosette is in some way associated 
with zinc, interest focuses upon the occurrence and action of zinc 
in the plant, particularly in view r of certain commonly observed 
phenomena. The top of the tree is most susceptible to rosette. Is 
this because of less zinc in the tissue? Similarly, why may one limb 
be healthy and another on the same tree be affected? Why may one 
tree be affected in an otherwise healthy orchard, and vice versa? 
Why do trees healthy for many years suddenly become affected or 
trees diseased tor many years become healthy with or without change 
in cultural treatment? Is this because of a change in the total 
amount of zinc in the tissue or is it a question of availability of zinc 
for physiological use? Is the availability of zinc modified by the 
presence of other elements or ions in the tissue? To gain initial 
information upon the occurrence, distribution, movement and avail¬ 
ability of zinc, analyses w^ere made of pecan tissue for ash, silica, 
calcium, magnesium, iron, copper, and zinc in 1933, and for ash and 
zinc in 1934. 

EXPERIMENTAL METHODS AND MATERIALS 

SEASON OF 1933 

An 8-year-old orchard of Burkett pecan trees growing near Tucson, 
where rosette has been generally severe, was used. One previous 
sampling of the irrigation water revealed an absence of zinc (8). 
The soil had a pH value of approximately 8 and contained about 200 
p. p. m. of total soluble salt. Most of the trees in the orchard were 
small and misshapen from rosette, but several, including those sam¬ 
pled, were of ordinary size for their age. All displayed evidence of 
having had rosette in some previous 3 r ears. The healthy untreated 
tree used for sampling was apparently not far removed from a rosetted 
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condition, for while it showed no symptoms at time of sampling, it 
displayed mild chlorosis by late August. This may mean that if the 
present studies measured factors related to the cause of rosette, the 
widest possible extremes between healthy and affocted tissue were not 
represented in these samples. 

On Juno 22 four trees were selected. Two of these had chlorotic 
leaves in the topmost parts, but there was no necrosis of shoots. The 
other two trees showed no symptoms of rosette. One diseased and 



Figure 1 —Diagram of tree given special treatment as described in the text The applications of zinc, the 
defoliation, and the girdling were done on July 14. Samples for analysis were collected on August 18. 
The defoliation was not repeated so that new growth had its full complement of leaves when sampled. 

one healthy tree was treated by placing approximately 30 g of com¬ 
mercial zinc sulphate (ZnS0 4 .5TI 2 0) in three holes bored into the 
trunk. 

On July 11, samples were collected* from each of the four trees. 
Samples consisted of (1) the top 6 inches of 1933 season’s growth of 
topmost branches and leaves, (2) a similar portion of lower outside 
branches, and (3) entire 1933 season’s growth of short inside shoots. 
The two trees healthy on June 22 were still so when sampled. Of the 
affected trees on that date, the treated one was making healthy growth; 
whereas leaves of the top branches in the untreated one were severely 
chlorotic and there was some necrosis of leaves and shoots. The 
samples collected of outer'side ^branches were mildly chlorotic. The 
short inside shoots were healthy. 

On July 14 a']fifth # mildly affected tree having a height of only 15 
feet was treated as shown in figure 1, 10 g of zinc sulphate being used 
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for each application. On August IS samples for analyses were col¬ 
lected from this tree as follows: 

(1) New growth on girdled branch. Shoots here had made only 2 
inches of growth since girdling. There were no symptoms of rosette 
and no union of cambial or cortical tissue at the girdle. 

(2) New growth on defoliated branch. The defoliating had been 
done only once so that new growth had its full complement of leaves. 
Shoots had made (\ inches or more of growth since defoliation. No 
symptoms of rosette. 

(3) New growth on an untreated side branch, (‘heck for 1 and 2. 
Samples displayed mild chlorosis of leaves, but shoots were not ne¬ 
crotic. 

(4) New growth on treated branch in top of tree. No symptoms 
of rosette. 

(.">) New grow th on untreated branch in top of tree. Leaves were 
mildly chlorotic, but no neciosis of leaves or shoots were found. 

SEASON OF 11)31 

On October 1(>, 1934, samples were collected ol what was fhoB&ht 
might be wider differences of healthy and affected tissue than were 
represented in the samples of 1 933. These consisted of leaves col¬ 
lected at the tips of 1934 season’s grow th in the top of 10 rosetted and 
9 healthy trees in the Yuma Valley. The rosetted trees were 5 to S 
years of age and located in four orchards along the east side of the 
\alley. Rosette has been common there. The trees sampled were 
known to have been rosetted for the preceding three summers. The 
healthy trees were from a single K-year-old orchard on the west side 
of the \alley where rosette has been unknown. 

CHEMICAL ANALYSES 

All samples were washed in distilled water as soon as collected and 
were subsequently dried in the sun or in the draft of an electric fan 
and stored in the laboratory until analyzed during the winter following 
collection. The samples were broken into small pieces, placed in a 
silica or platinum dish, dried overnight at 110° C 1 ., and weighed. 
This was the dry weight upon which all percentages were based. 
Leaf samples generally weighed from 90 to 100 g, and stem samples 
20 to 40 g. Samples were ashed at dull redness in an electric muffle. 
The ash was weighed, then taken up with dilute hydrochloric acid. 
Analyses were made upon aliquots of this for the various elements using 
the methods of the Association of Official Agricultural Chemists (3). 

This method for the determination of zinc consists of separating 
zinc from copper hv precipitation of the copper with hydrogen sul¬ 
phide in solution, containing 5 ce of concentrated hydrochloric acid 
in 2/>0 ec, then by precipitating zinc as the sulphide with the solution 
adjusted to a pH of 2 to 3. The zinc is estimated turbidimetrically 
as the ferrocyanide. It is recognized that the method is not com¬ 
pletely accurate. The micromethod described by Hibbard (IS) is 
probably an improvement, and he provided a copy of his method 
before analyses were begun on the material collected in 1934. It was 
deemed best to continue with the official method since it had been 
used the two previous years. Furthermore, the use of large samples 
(18 to 20 times as large as those suggested by Hibbard) would tend to 
reduce errors incidental to analyses. 
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DISCUSSION OF DATA 

The results as found for healthy and rosetted peean trees, untreated 
and treated by placing zinc sulphate in the trunk are shown in table 1 
and figure 2. Similar data for some parts of the tree given special 



* l( * 1 kr 2 -An ilytical data from several trees sampled In 1933, These trees were growing m a district w here 
rosette has been common The health>, untreated tree was probably close to a rosetted condition when 
fs unpled, for mild symptoms appeared later in the summer 


treatments as shown in figure 1 are shown in table 2 and figure 3. 
The data for zinc and ash content of the healthy and diseased tissue 
collected in the Yuma Valley in 1934 are shown in table 3 and figure 4. 
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The zinc content was also calculated as the percentage of total ash in 
the tissue; this tended only to show wider differences in zinc content 
and the data computed in this way are not included. 


Table 1Percentage of oven-dry weight, ash, and certain mineral constituents in 
tissues of healthy and rosetted trees when sampled July 11, 1933 


Condition of 
tree 


Healthy .... - 


Besotted 1 - 


If null liy, treated 2 


Pre\ iously roset- 
ted, treated ■* 


Branches 

sampled 

Condition 

Tissue 

Ash 

Sil¬ 

ica 

CaO 

MgO 

Mn 

Fe 

Cu 

Zn 


Healthy... 

/Leaves 

7.12 

0.553 

1.83 

0.2306 

0.0056 

0.0129 

0.0013 

0.0088 



[Shoots. 

6.42 

.108 

2.29 

.3811 

.0058 

.0075 

.0018 

.0143 


..do. 

/Leaves. 

9.72 

.724 

3.09 

.6612 

.0078 

.0154 

.0012 

.0046 



1 Shoots. 

7.92 

. 114 

3.13 

.4476 

.0062 

.0077 

.0017 

.0149 


. do. 

/Leaves 

14.46 

.916 

5.45 

1.1450 

.0102 

.0140 

.0010 

.0932 



[Shoots. 

15.12 

.930 

6.77 

.9906 

.0067 

.0319 

.0016 

. 0575 


Severe ro- 

/ Leaves 

11.54 

.886 

3.51 

1.0192 

.0134 

.0253 

.0011 

.0076 


sotte. 

\Shoots. 

8.45 

.105 

3.49 

.6644 

.0048 

.0110 

.0015 

.0187 

Side ... 

Mild ro- 

/Leaves. 

9.29 

.680 

3.03 

.7552 

.0123 

.0171 

.0008 

.0062 


set t e 

(Shoots. 

8.49 

.319 

3.73 

.0367 

.0061 

.0113 

.0022 

.0191 

Short inside 

Healthy... 

/Leaves 

13.16 

.837 

4.95 

1.0726 

. 0200 

. 0270 

.0010 

.0074 



[Shoots. 

13.76 

.475 

6 39 

.9763 

.0272 

.0250 

.0018 

,0125 

[Top. 

do_ 

rl/eaves- 

6.50 

.469 

1.69 

.5177 

.0129 

.0120 

.0020 

.0251 


VShoots. 

6.32 

.245 

2.19 

.4174 

.0063 

.01121 

* 0023 

. 0506 

Side. ... . 

. do. 

/ Leaves. 

8.47 

.717 

2. 91 

.6223 

.0084 

.0158 

0014 

.0318 



(Shoots. 

6.88 

.192 

2.31 

.4622 

.0061 

.0103 

.0012 

.0226 

Short inside 

.do_ . 

[ Leaves. 

11.64 

.987 

3. 98 

.9052 

.0103 

.0257 

.0012 

.0312 



(Shoots. 

12.48 

.723 

5.44 

. 9517 

.0088 

.0310 

. 0043 

. 0279 

Top. 

..do_ . 

/Lea vos 

5.88 

.403 

1.70 

. 2734 

.0068 

.0129 

.0014 

.0071 



[Shoots. 

6. 74 

.205 

2.45 

.3368 

.0058 

.0116 

.0019 

.0285 

Side_ 

..do. 

/Leaves. 

8.75 

.718 

2.89 

.4997 

.0094 

.0149 

.0009 

.0103 



[ Shoots . 

7. 80 

.128 

3.28 

.5420 

.0044 

. 0095 

.0019 

.0199 

Short inside 

. do .. 

[Leaves 

12 84 

.887 

4.90 

.8163 

.0102 

.0193 

. 0007 

.0111 



(Shoots 

13.82 

. 590 

7.11 

.7722 

.0086 

.0293 

.0036 

.0403 


1 Samples of the topmost leaves of this tree had severe chlorosis, the topmost shoots shoved some necrosis, 
the outside branches had chlorotic leaves but no necrosis, and the inside branches were virtually free of 
rosette symptoms , „ w . . 

1 This health\ tree was treated by placing 30 g of commercial zinc sulphate (ZnSCb. 5HjO) in its trunk 

June 22, 1933 , % , „ .. 

2 This tree was rosetted prior to June 22 when it was treated as was the healthy tree (see note 2)\ it was 
healthy w hen sampled. 


Table 2. —Percentage ash and certain mineral constituents in tissues from the tree 
shown in fig. 1 which was treated on July 11, 1933 


[Samples for analysis collected Aug. 18, 19331 


Posi¬ 
tion of 
branches 

Treatment 

Condition 

Tissue 

Ash 

Sil¬ 

ica 

CaO 

MgO 

Mn 

Fc 

Cu 

Zn 


l ntreatod. 

Mild rosette 

(Leaves_ 

1 Shoots... 

6.66 
6.52 

0.527 

.237 

1.96 

2.41 

0.5350 

.3877 

0.0088 

.0042 

0.0195 
.0156 

0.0010 
.0016 

0.0068 
. 0202 




1 Average. 

6.69 

.382 

2.18 

.4613 

.0065 

■ 0175 

.0013 

. 0135 


Treated 

Healthy.... 

[Leaves_ 

1 Shoots.... 

5.21 
5.47 

.425 

.261 

1.33 

1.69 

.3946 

.3048 

.0058 

.0043 

.0161 

.0153 

.0009 

.0009 

.0849 
| .0749 



( Avorage 

5.34 

.343 

1.51 

.3497 

.0050 

.0157 

.0009 

.0799 


Untreated. 

M Ud rosette 

(Leaves_ 

ISboots-... 

7.05 
7.85 

.476 

.372 

2.06 

2.94 

. 5813 
.5587 

.0081 

.0068 

.0207 

.0216 

.0008 

.0016 

.0074 

.0207 




1 Average. 

7.45 

.424 

2.50 

.5700 

.0075 

.0211 

.0012 

.0140 

Side ... 

Treated and 
girdled 

Healthy_ 

(Leaves.... 

1 Shoots.... 

8.51 

7.88 

.789 

.241 

2.59 
3 11 

.6926 

.5127 

.0119 

.0041 

.0248 

.0148 

.0008 

.0010 

.0258 

.0478 


Average. 

8.20 

.515 

2.85 

.6026 

.0080 

. 0198 

. 0009 

.0368 


Treated and 
defoliated. 

_do. 

(Leaves,... 
Shoots_ 

~6.72 

6.79 

.647 

.712 

1.37 

1.92 

.4895 

.4220 

.0069 

0043 

.0203 

.0028 

.0011 

.0020 

.0361 

.0435 



Average. 

6.25 

.679 

1.65 

k .4557 

.0051 

.0115 

.0015 

.0398 
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ASH AND MINERAL CONTENT OTHER THAN ZINC 

The data throw light upon the mineral content of healthy and 
rosetted pecan trees, especially with regard to the consistent difference 
in ash content between different types of shoots or parts of the tree 



Figure 3 — Results of analysis of the tree given special treatment as shoun in figure 1 


(table 1 and fig. 2). Short inside branches in the lower part of the 
tree had consistently a greater ash content than had the long growths 
in the top of the tree. The outside shoots, which are intermediate in 
length and vegetativeness, were generally intermediate in percentage 
of ash. 
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Along with the difference in mineral content of branches from differ¬ 
ent parts of the tree, there appears to be a relation between develop¬ 
ment of rosette and ash content. The top branches, the most severely 
affected part of the rosetted tree, had a much higher ash content than 
had comparable' samples from healthy trees (table 1 and fig. 2). In 
the tree given special treatment (table 2 and fig. 3) the treatment of 
one top branch with zinc (fig. 1) and the subsequent production of 
healthy growth was accompanied by a reduced ash content. The 
data of 1934 (table 3 and fig. 4) are also indicative of a higher ash 
content in rosetted than in comparable healthy tissue. Haas {12) has 
reported a higher ash content in rosetted than in healthy walnut and 
pecan tissue. 

However, in the rosetted tree (table I and fig. 2) the short inside 
shoots which were entirely free of rosette symptoms were higher in 
ash than were the rosetted top shoots. It seems that the ash content 
is influenced by the condition of grow th and location in the tree. The 
increased ash content found for rosetted tissue may be the result of 
rosette and not present in a causal relation. It is only when growths 
of similar type or vegetativeness are considered that the relation 
between ash content and rosette symptoms is apparent. 

Further evidence that the mineral content is influenced by the 
amount or quality of the growth as well as the health of the tissue 
is soon in the results following girdling and defoliation (table 2 and 
fig. 3). The grow th produced after girdling had a somewhat increased 
ash content; that produced after defoliation had a reduced ash content 
Following girdling, the shoots were short and otherwise resembled 
those on the inside of the tree. Following defoliation, the grow th was 
longer, slender, and willowy, approaching the character of the healthy 
topmost shoots where the ash content was low. Samples were of 
growth following defoliation and girdling and both were of the same 
age. 
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What was true of ash content lias been generally true for each of the 
elements determined except zinc. A comparison of the analyses of 
the topmost tissue in the healthy untreated and in the rosetted tree 
indicates that silica, calcium, magnesium, manganese, and iron may 
be higher in rosetted than in comparable healthy tissue At the same 
time, the rosetted top shoots were for the most part no higher in these 
materials than were the healthy, short inside shoots For the rosetted 
tree alone, the latter were highest in the various elements. There is a 
general trend in the data from all of the healthy trees for the short, 
inside shoots to be highest in all elements and for the outside shoots to 
be intermediate. Similarly, in the untreated, girdled, and defoliated 
outside shoots, the calcium, magnesium, manganese, and iron were 
reduced in the defoliated tissue and were high or increased in the gir¬ 
dled or untreated tissue. Copper appears to bear little relation to 
condition of health or type of growth. 



1 i«.t kf 4 \sh and/ini content in topmost leaves of losetted and healtln pecan trees in the ^ uma V alle\ f 
collected October 15, 1 { U4 These trees represented what ate belieced to he wider differences between a 
be ill by and rosetted condition than those of figure 2 


ZINC CONTENT 

The zinc content found in the various tissues exhibits somewhat 
more of a specific relationship to the presence or absence of rosette 
symptoms than do the other elements determined. This is particular¬ 
ly true of the samples in table 3 and figure 4. These samples, collected 
from comparable parts of healthy and rosetted trees, indicated a 
higher zinc content in the healthy than in the diseased tissue. These 
healthy samples were from an area in which rosette has never been 
knowrn, whereas the affected ones were from an area where rosette has 
been common. Greater differences in fundamental factors respon¬ 
sible for rosette might be expected than in the samples (table 1 and 
fig 2) which were all from a locality where rosette has been serious. 

In the analysis of 1933 (table 1 and fig. 2) the zinc content found 
for the untreated rosetted and healthy trees was significantly different 
only in the short inside shoots where it was markedly less in the 
rosetted than in the healthy tree. The top branches of these two, 
which differed widely in degree of health, and the outside branches, 
which were mildly affected in the rosetted tree and unaffected in the 
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healthy tree, eontained practically the same percentage of zinc. 
Though the total zinc content was not greatly different, the propor¬ 
tion of zinc to total ash was much reduced in the rosetted tissue. 

Data from the rosetted tree alone (table 1) presents an analogous 
condition. The topmost part which displayed the most extreme 
symptoms of rosette contained virtually the same percentage of zinc 
as did the healthy, short, inside shoots and the less severely affected 
outside shoots. 

Following the application of zinc the treated rosetted tree pro¬ 
duced healthy growth in the top and outside branches. This was 
accompanied by but a very slight increase in total zinc content over 
that of the untreated tree (table 1 and fig. 2). The proportion of 
zinc in the ash was greatly increased. It would appear that if pecan 
rosette is related to quantitative amounts of zinc in the tissue, the 
differential between healthy and affected tissue is small. There is 
also the possibility that when small amounts of zinc are present, its 
action is modified by the presence of other minerals occuring in the 
ash. Chandler, Hoaglund, and Hibbard (5) have reported^some 
overlapping of zinc content between healthy and little-leaf tissue, 
generally more zinc being found in the healthy tissue. 

In the healthy, untreated tree (table 1) where zinc might be 
expected to have a normal distribution within the tree, the short 
inside shoots contained markedly more zinc than the top or side 
branches. These shoots were from the lower part of the tree. Such 
shoots are not commonly affected with rosette, even in trees where 
the topmost parts are badly diseased. While the movement of zinc 
following treatment is most rapid to the top and rapidly growing 
parts, its normal accumulation seems to be greatest in the lower, 
slowly growing branches. Perhaps this is w’hy they are less suscep¬ 
tible to rosette. However, other conditions are not equal, for the 
upper part of the tree is more exposed to light and heat. 

Different parts of trees all equally healthy in appearance have been 
found to contain widely different amounts of zinc. Apparently after a 
minimum requirement is satisfied, additional quantities of zinc serve 
no lurther need. The appearance of healthy trees was not affected 
by the addition of zinc. 

The absence of a quantitative relation between amount of growth 
and zinc may indicate that it does not enter extensively into the 
protoplasmic structure. Reed and Dufrenoy (19) suggest that it 
may act in regulating the oxidation-reduction potential within the 
ceUs of citrus leaves. They believe that for an appreciable amount of 
oxidation, “the formation of complexes with metals which readily 
change their valences, thereby serving for H and O transfers” is 
necessary. “Two or more molecules of amino acids may be linked 
with one of a metal such as iron, copper, manganese, or zinc.” 

That a metal w’hich readily undergoes a change in valence could 
be important physiologically as an oxygen acceptor and thereby 
function in maintaining the oxidation-reduction potential of the cell 
is a tenable theoiy. However, zinc is not such a metal. According 
to Mellor (16) zinc belongs to a family of elements (group 11 in 
periodic arrangement) of which only mercury readily undergoes a 
change in valence. Even here the lower oxide is .unstable. Zin c 
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forms the monoxide after the formula: 2Zn+0 2 =2Zn(). In this the 
valence is typically 2. The only other oxide of zinc is the peroxide 
having the chemical structure: 



\o 


In the peroxide the valence of zinc is unchanged. In forming this 
compound, oxygen rather than zinc undergoes a change in valence. 
Zinc being bivalent could act as a nucleating element joining two 
molecules of amino acids or similar groups, as Keed and Dufrenoy 
point out, but judged by the known properties of zinc, there could be 
no auto-oxidation of the amino acids resulting from valence changes 
at the union. Such a function for zinc cannot be postulated, as it 
might well be for iron, copper, or manganese. 

Zinc has been reported by several workers to be necessary for the 
grow th of green plants It has also been known for many years to be 
beneficial to the growth of fungi. The sum total of the knowledge 
of zinc in plants is yet small. The present data do not indicate that 
any large amount of zinc is held in affected tissue unavailable for 
physiological processes. Rather, they would tend to suggest that 
rosette symptoms are produced when the total zinc in the tissue is 
insufficient for normal metabolism. Data previously presented (8) 
support this view as do those of Chandler, Hoagland, and Hibbard (ft) 
and Reed and Dufrenoy (19) for other horticultural plants. Also, 
substantiating this interpretation is the fact that in earlier studies (8), 
acids injected into affected trees did not bring about recovery through 
making available any elements or ions already present. Similarly, 
the application of sulphuric acid to the soil around affected trees in 
a district where rosette is serious was not effective. It has previously 
been reported that no relation between soil alkali or salt content and 
rosette occurred in Arizona (8). The occurrence of pecan rosette on 
the acid soils of the South has been reported by Skinner and Demaree 
(40) and others. Studies of the hydrogen-ion concentration of 
healthy and rosetted leaves and stems have not revealed consistent 
differences in reactions. 

It seems evident that if any portion of zinc in the tissue is not 
available for metabolism, it is a much smaller portion than is the case 
with some other elements. Iron, for example, may be more abundant 
in tissue, chlorotic for lack of utilizable iron, than in healthy tissue. 
The greater solubility of zinc may account for its being.more readilv 
available. The ultimate success of controlling pecan rosette through 
treatment with zinc wall depend considerably upon whether only 
supplying a deficiency is necessary or whether measures to influence 
its availability in the tree are also involved. 

This matter may also have bearing upon the fluctuation and irreg¬ 
ularity of occurrence of rosette. If zinc is not held unavailable in 
appreciable quantities in the tree, then the development of the 
disease on healthy trees would point to soil fixation. It has been 
frequently observed in Arizona that where corrals or chicken pens 
have been built around trees, rosette soon follows. Chandler et al. 
(6) have reported that corral soils have a high zinc-fixing power. 
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MOVEMENT OF ZINC IN THE TREE 

The treatments given the tree shown in figure 1 were designed 
especially to give information upon the movement of zinc* in the tree. 
This was deemed important especially in view of the erratic occur¬ 
rence of rosette wherein one limb of a tree may be affected and the rest 
healthy, and wherein the top of the tree is almost always more severely 
affected than the lower parts. 

The samples collected from the top branches 115 days after one 
branch had been treated with zinc revealed wide differences in zinc 
content (table 2 and fig. 3). The average zinc content in the tip of 
the treated branch w as approximately six times that in the untreated. 
In the latter, the content was not increased above that for comparable 
tissue in the untreated trees (table 1). Since it is impossible to know' 
the zinc content of the same tissue both at time of treating and 
subsequent thereto, it cannot be known if a small increase occurred in 
the untreated branch. There had been some slight improvement in 
the health of the untreated branch, and it is possible that the zinc 
content had increased slightly. It is evident, however, that the great¬ 
est movement of zinc was upward in the treated branch and that little 
moved downward to the junction with the untreated branch and 
thence upward in it. 

The zinc content found in the lower branches supports this inter¬ 
pretation. The treatment in one lower branch (table 2 and figs. 
1 and 3) did not inciease the amount of zinc found in the outside 
shoots of the untreated branch on the opposite side of the tree, 
beyond that found for the outside branches of the untreated trees 
(table 1). Here again, severe* rosette symptoms had not developed, 
nor had they developed anywhere in the tree. This fact is taken as 
indicating some migration of zinc downward from the point of treat¬ 
ment to the trunk where it joined the general vascular supply of the 
tree If such a migration downward occurred, the amount was not 
great enough to be measured. Clearly, the most immediate and 
abundant movement of zinc is in an acropetal direction. In the field 
treatment of many trees, it has been observed that limbs above the 
treatment are the lirst to respond, but the entire tree eventually 
does so. 

The severely reset ted condition of one branch of an otherwise 
healthy tree may be accounted for by the tendency of zinc to move 
upward in the tree. In such cases, one might suspect the absorption 
of zinc by the roots below* the affected limb. 

The healthy tree treated with zinc in 1933 revealed an increased 
zinc content over the healthy untreated tree only in the top and out¬ 
side branches. The increase was greater in the side brandies. 
There was no increase in the short inside brandies. This might be 
interpreted as chemical evidence of a fact many times observed in 
the treatment of rosetted trees with zinc; the topmost shoots, while 
most severely affected are first to recover, and rapidly growing shoots 
respond more quickly than slowly growing ones. In young, vigorously 
growing trees the response of zinc applied to the trunk has often been 
noted on young leaves in 3 days following treatment. Zinc applied 
in excess amounts has produced a toxic effect on the leaves in 24 hours. 

Girdling of a limb on the low branch (fig. 1) did not prevent the 
passage of zinc from the point of treatment upward, for the sample 
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from above the girdle contained markedly more zinc than did the 
outside branches of any of the trees sampled. The movement of 
zinc upward must then be in the xylem. The new shoots on the 
defoliated limb likewise were found to have an abnormally high zinc 
content. Seemingly, the reduction in leaf area adjacent to the new 
growths did not affect the movement of zinc into them. 

SUMMARY 

The present paper reports additional evidence that the occurrence 
of pecan rosette is to a considerable extent associated with an insufli- 
ciency of zinc for normal metabolism in the tissue. Such factors as 
condition of growth, location in the tree, exposure to light and heat, 
and probablv many others may act with a reduced zinc content to 
cause the development of rosette symptoms. No evidence was 
found that any appreciable quantity of zinc is present but not utiliz- 
able in affected tissue. 

The total ash content was found to bear a relation to the occurrence 
of rosette when shoots of similar growth character and position in 
the tree were compared. In comparisons of this kind, the ash of 
affected tissue was found to be higher than that of healthy tissue. 
Since other factors influence the ash content so markedly, we cannot 
look upon it as occurring in a causal relation to pecan rosette. It is 
more probably a result. 

The translocation of zinc occurred in the xylem. Zinc, when 
placed directly in the xylem, moved most rapidly in an acropetal 
direction. A slower lateral and downward migration probably 
occurred. 
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THE ISOLATION OF A HEMOPHILIC BACILLUS IN PURE 
CULTURE AND THE REACTION OF CHICKENS TO 
EXTRANASAL INOCULATIONS THEREOF 1 


By J. P. Delaplane, assistant poultry husbandman , L. E. Erwin, assistant plant 

pathologist , and H. 0. Stuart, head f poultry husbandry department , Rhode Island 

Agricultural Experiment Station 

INTRODUCTION 

The study of hemophilic bacilli herein reported deals with two dif¬ 
ferent phases: (1) A technique of isolating Hemophilus gallinarum in 
pure culture; and (2) the reaction of chickens to the oxtranasal 
inoculations thereof. 

ISOLATION OF HEMOPHILIC BACILLI IN PURE CULTURE 

In a previous publication (#), 2 the writers reported their success in 
isolating hemophilic bacilli from the edematous facial swellings of 
chickens showing an infectious coryza. The technique consisted in 
employing several loopfuls of the edematous fluid from the swellings 
to inoculate a blood medium. After 24 hours incubation at 37° C. 
the microscopic examination of the medium usually showed a pure 
growth of these organisms. 

Since the time of that report, an opportunity of studying infectious 
material from other than the source used in the previous work has 
become available, and the technique has been found applicable to 
that type of infection with which edematous swellings about the face 
are commonly observed. 

Certain difficulties were experienced in isolating the organisms 
directly from the edematous facial swellings of fowls from field out¬ 
breaks, but susceptible chickens, infected under laboratory conditions 
with material from these field cases and examined within 24 hours 
after swellings were noted, yielded pure cultures from each of the 
various field sources of the diseaso. It is apparent that the duration 
of the infection in the individual fowls from the field outbreaks was 
unknown and since, in the previous work of the writers, the cultures 
had been mado when the swellings were first noted, the time factor 
socmed to be of significant importance in obtaining positive results. 

Do Blieck (7), Nelson (4, 5, 0), Schalm and Beach (7), and Eliot 
and Lewis (3), have described their method of isolating the organisms 
from the nasal exudate. They have also shown the significance of 
these organisms in producing a respiratory infection in susceptible 
fowls. In the writers’ experience, the isolation of the organisms from 
the nasal exudate is somewhat tedious and more difficult to accom¬ 
plish than is isolation from the swellings, although it probably con¬ 
stitutes the only manner in which they may be isolated in those cases 
showing only a nasal exudation. 

1 Received tor publication Oct. 1, 1935; issued April, 1936. Published as Contribution No. 474 of the 
Rhode Island Agricultural Experiment Station. 

1 Reference is made by number (italic) to Literature Cited, p. 383. 
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MATERIAL AND METHODS 
Pke!‘\rvtion of Media 

The blood uas obtained directly from the heart of chloroformed 
fowls after the keel and ribs had been cut in such a manner as to 
expose the heart and was collected in a sterile glass hypodermic syringe 
and placed in a sterile 2-percent sodium citrate normal salt solution 
at the rate of 5 cc of blood to from 10 to 20 cc of this solution. In 
this manner from 15 to 20 cc or more of sterile whole blood could be 
obtained from the average fow r l. 

When media were desired for use, the citrated blood wuis added to 
nutrient agar slants so that it extended from three-fourths to 1 inch 
from the bottom of the slant. Jt was found desirable to use fresh 
blood and make up the media just before they were used. 

Method of Isolation 

The skin over the edematous swellings of the fowls to be examined 
was seared, and an incision through the seared skin was made faith 
a hot instrument. Two to three loopfuls of the edematous fluid w r ere 
used to inoculate each of several tubes of the media as described above. 

After these had been incubated at 37° (\ for 24 hours, smears w r ere 
made from each culture tube and stained w r ith Grain’s stain. The 
microscopic* examination of stained smears constitutes the only sure 
way of detecting growth as the changes occurring from growth in this 
medium are only slight except for the coagulation of the blood portion 
which may, at times, occur within this period. 

A modification of Grain’s method of staining may be used to good 
ad\ antage. It consists in substituting gentian violet made as follows: 
A, 4 g of gentian violet in 25 cc of 95-percent alcohol; B, 14 cc of 
aniline oil and 2.5 cc of hydrochloric acid in 500 cc of distilled water. 
The iodine solution is made up of a 1-1,000 solution of tincture of 
iodine in water. This stain is used in the usual manner except that 
the safranin is allowed to stain from 1 to 2 minutes or longer. With 
this stain the smear has a pink background, and the bacteria stain a 
more intensive pink. 

CULTURAL \ND MORPHOLOGICAL CHARACTERISTICS OF HEMOPHILUS 

GALLINARUM 

The morphological and cultural characteristics of Hemophilus gal - 
Unarum have been described by the wTiters in a previous publication 
(2, pp. 7 8). The organisms colonize on blood-agar slants and plates 
if grown in an atmosphere containing sufficient moisture (£), or in 
an atmosphere containing 10 percent of carbon dioxide as reported 
by Schalm and Beach (7). 

Stained preparations from blood-agar slants or plates usually show 
the organisms to be larger than those growm in the blood-citrate-salt 
solution at the base of nutrient agar slants. 

Thus far, attempts to grow the organisms on other than a blood 
medium have not been satisfactory, although growth in a medium 
consisting of small pieces of sterile raw' potato in broth and sodium 
citrate solutions at the base of nutrient agar slants hav# shown scanty 
growth as indicated by stained preparation of the media. 
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Pure culture of the organisms grown in blood at the base of nutrient 
agar slants produce swellings when inoculated subseutaneously in 
chickens and also cause a systemic reaction as indicated by the turds 
a ppearing d epressed. 

Stock cultures maintained in the blood at the base of nutrient agar 
slants have been found capable of inducing respiratory symptoms 
when inoculated into chickens after a period of 10 months although 
the virulence is greatly reduced at this time. 

EXPERIMENTAL DATA 

Bacteriological examinations were made of the edematous material 
from facial swellings of 10 field cases from 5 sources. Hemophilus 
Ijallinarum was isolated from only one bird representing a held case 
of the infection. 

Eight of nine susceptible fowls inoculated from the respective field 
infections gave positive results wdien the material from their edema¬ 
tous swellings was used to inoculate the same type of medium within 
24 hours after the swellings were first noted. The other fowl was not 
examined. 

As nothing was known with respect to the length of time the infec¬ 
tion had persisted in any of the individual field cases, this factor 
seemed to be of considerable significance in the successful isolation 
of the organisms. Tests were therefore conducted with a series of 
adult Barred Plymouth Bock and White Leghorn chickens which 
were inoculated intranasally to determine the practicability of 
isolating organisms from fowls within 24 hour** after the swellings 
about the face were noted, and also after 48 hours. 

The bacillus was isolated from five' of the six birds within the 24- 
hour period, whereas the results were negative in five of the six fowls 
examined at the 48-hour period. 

The results would indicate that the bacilli of Hemophilus gall in a rum 
are fewer in numbers or have ceased to grow at some period 24 hours 
after the swellings have developed. This probably runs parallel to 
the course of the infection, for on an average the swellings ordinarily 
persist for only a few days and recovery is usually apparent within 
a week or H) days from the onset of the infection in the particular 
strains studied. 

THE REACTION OF CHICKENS TO THE EXTRANASAL INOCULA¬ 
TIONS OF HEMOPHILIC BACILLI 

The ability of certain hemophilic bacilli to induce an inllammation 
of the upper respiratory tract of chickens has been reported by De 
Blieck (1) Nelson (4, 6, (>), Delaplane, Erwin, and Stuart (2), Schalm 
and Beach (7), and Eliot and Lewis Js). A certain degree of resist¬ 
ance to reinfection has been noted in chickens that have recovered 
from the field type of infection. These chickens are particularly 
resistant to the intranasal inoculations of cultured organisms, while 
those recovering from culturally induced infection are quite resistant 
to reinfection with the same cultured organisms but are not com¬ 
pletely protected against the disease as found in the field. 

Extranasal inoculation of cultured organisms was made to note the 
reaction in chickens and to determine whether such a procedure would 
induce resistance to intranasal infection wfith the same strain of 
organisms. 
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In a preliminary small group of chickens, it was noted that the sub¬ 
cutaneous inoculation of freshly isolated cultured organisms was 
followed by swellings 24 hours after inoculation. These birds were 
quite lame and considerably depressed for a few days but subse¬ 
quently recovered and were found resistant to intranasal inoculations 
of the cultured organisms and the field infection 2 weeks after the 
subcutaneous injections had been made. 

MATERIAL AND METHODS 

The chickens constituting the various experimental groups were of 
different breeds and ages at the time of use but each group of birds 
was of the same breed and age. They were reared on the poultry 
farm at the experiment station and were known to have been free of 
clinical evidences of respiratory infections prior to experimentation. 

The culture material used for the various groups was 24-hour 
cultures grown in a blood citrate solution and was diluted just prior 
to use with sterile normal salt solution. 

The subcutaneous inoculations were made in the skin over the a 
20-cc syringe and an 18-gage needle being used. The skin area at 
the point of injection was painted with tincture of iodine before and 
after the inoculations were made. The technique for the intra- 
peritoneal and wattle inoculations was similar to that used for sub¬ 
cutaneous inoculations m that the point of inoculation was prepared 
in a similar manner 

EXPERIMENTAL DATA 

The primary tests wen* conducted on a group of adult Rhode Island 
Red pullets. Six birds received the cultural organisms subcutaneously 
in the skin area over the leg, and three were injected in the wattles. 
The tw r o groups were maintained in separate quarters. Tw r enty-four 
hours following the inoculations, swellings were evident at the point 
of inoculation of both groups. The six birds receiving the sub¬ 
cutaneous injections were considerably depressed and lame for a few 
days but gradually became normal. Two weeks later they were 
inoculated intranasally with material from a transfer of the same 
culture used for the injections. They w r ere resistant to this intranasal 
inoculation. Still later these same birds were inoculated with the 
nasal exudate from fowls wdiich had been infected w T ith the exudate 
of the field form of the disease, and from which the organisms had 
been originally isolated. They were found resistant to this field 
form of the disease. The control chickens obtained from the same 
source as the ones used for the tests w r ere susceptible to the cultured 
organisms and the field infection. The three birds that had been 
injected in the w attles contracted intranasal infection within 72 hours 
after the injection and w ere not tested after they recovered. 

The results of the preliminary tests were so encouraging that it was 
planned to conduct the experiment on a larger scale. Two groups of 
White Leghorn pullets consisting of 40 birds each comprised the 
initial groups. The two groups w r ere maintained in separate pens 
and each received 0.5 cc of a 50 percent 24-hour culture solution 
subcutaneously over the right leg. One group received the organisms 
from culture i, 3 and the other from culture 2 4 They were quite 

* Culture isolated from tbe Rhode Island type of this disease. 

* Cultures obtained from other than Rhode Island sources. 



Mar. i, 1936 Isolation oj a Hemophilic Bacillus in Pure Culture 381 


depressed over a period of 5 days after the inoculations had been made, 
and a number were lame in the leg receiving the inoculation. 

Twenty days following the subcutaneous inoculations a few of the 
birds of each group which had not been inoculated intranasally or 
been in contact with cases of the disease, contracted intranasal 
infection. Following the observation of the first few cases, the 
remainder of each group developed a cory?a. 

The effect of the intranasal inoculation of 19 of the fowls which had 
been inoculated with culture 1 was tried after they had recovered 
from the subcutaneous inoculations and the subsequent intranasal 
infection which they had contracted. All the birds except one were 
found resistant to reinfection from cultures 1 and 2. 

The intranasal reinoculations of eight of the birds originally inocu¬ 
lated with culture 2 were made after they had recovered from the 
subcutaneous inoculations and the subsequent intranasal infection. 
They were all resistant to inoculations of cultures 1 and 2. 

Ten 4-week-old Barred Plymouth Rock chickens were used in a 
study of the effect of the subcutaneous inoculation. These chicks 
were confined in a battery brooder in isolated quarters, and special 
precautions were taken to be sure that any leakage from around the 
needle at the time of inoculation was promptly sponged with cotton 
saturated with tincture of iodine. These precautions were taken to 
avoid accidental intranasal infection from extraneous material. 

These birds received two injections of culture 1, the second being 
made 10 days after the first. Each of the chickens showed swellings 
at the point of inoculation 24 hours following each injection. They 
were somewhat depressed and lame for a period of 5 days following 
the first inoculation but did not appear to have reacted so severely 
as the adult birds. These chicks contracted intranasal infection 23 
to 25 days after tho first inoculation in spite of the precautions taken 
to make sure that any material leaking from around the needle could 
bo at fault, thus indicating that intranasal infection might occur from 
the subcutaneous inoculation of cultured material. 

The reaction of the 10 birds to intranasal reinoculation was also 
tested after they had recovered from the intranasal infection. Two 
of the chickens contracted intranasal infection as a result of the 
reinoculation with cultured organisms of culture 1. 

Five Rhode Island Red pullets were injected intraperitoneally with 
cultured material on October 29 and November 1 and were main¬ 
tained in adjoining separate cages of a laying battery. These birds 
did not show any appreciable reaction to the intraperitoneal injec¬ 
tions. Four of them contracted intranagal infection 9 days after the 
first inoculation. 

It was considered of interest to determine whether the combining 
of cultured organisms with laryngotracheitis virus and inoculating 
the material in the cloaca would offer any protection. Five 6-week- 
old Barred Plymouth Rock chickens were inoculated in the cloaca 
with this material, culture 39 being used with the laryngotracheitis 
vaccine. Four days after the inoculation of the combined material, 
all chicks showed extensive cloacal reactions. None of the chicks 
contracted laryngotracheitis or intranasal infection as a result of the 
inoculation. Nine days later they were inoculated in the larynx with 
laryngotracheitis vaccine and culture 39 and were found resistant. 
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Five days later they were inoculated intranasally with cultured 
organisms, and after 24 hours they all showed intranasal infection, 
showing that no resistance had developed from the cloacal injections 
2 weeks after the inoculation. 

SUMMARY AND CONCLUSIONS 

Evidence is presented to show that Hemophilus gaUinarum may be 
readily isolated in pure culture from the edematous swellings of fowls 
showing an infectious coryza and that the success of the isolation 
depends on the length of time the swellings have persisted. Thus, if 
the material is cultured within 24 hours after the swellings have 
de\eloped, the isolation of the organisms is readily accomplished. 
After 48 hours, there is less chance of obtaining the organism. As 
the duration of time the infection has persisted in field cases is usually 
unknown, it is suggested that for diagnostic purposes susceptible 
fowls be inoculated intranasally with the infective material and 
cultures made from them within 24 hours after the facial swellings 
are noted. ^ 

The technique serves as an aid in the differentiation of certain other 
respiratory infections of fowls in which a coryza is a symptom, 
particularly that type characterized by a marked rattled breathing 
and lesions of an acute bronchitis and tracheitis with which a coryza 
is noted and which may also show some swelling around the eye. 
This particular infection is perhaps the same as that described by 
Beaudette and Hudson 5 at the Northeastern States Pullorum 
Disease Research Workers Conference. The infective agent of this 
disease readily passes through Berkfeld V and N filters as indicated 
by the ability of these filtrates to produce the typical disease condition 
in susceptible fowls. Jn emit last the filtrate of infectious coryza 
exudate does not produce infection when inoculated into susceptible 
fowls. 

The extranasal inoculation of chickens with cultures of hemophilic 
bacilli is attended w ith reactions at the points of inoculation when 
given subcutaneously or in the wattle. The birds also show a 
systemic reaction as evidenced by those appearing depressed. The 
intraperitoneal inoculation of a small group of birds did not seem to 
result in any appreciable difference in their general health. 

Intranasal infection occurred as a result of the subcutaneous injec¬ 
tion of the cultured organisms. It would be difficult, however, to 
state the percentage that contracted the infection in this manner, 
since each of the birds of an experimental group was m contact with 
the others and when one developed intranasal infection, it w r as easy 
for the others to become infected from it. 

No particular resistance to intranasal infection was noted in the 
birds receiving subcutaneous inoculations of cultured organisms, 
although approximately 3 weeks elapsed from the time of inoculation 
until they contracted intranasal infection. 

The intranasal reinoculation of the birds recovering from the sub¬ 
cutaneous inoculations and the subsequent intranasal infection 
showed that all but one bird of the Leghorn-pullet groups and two 

from the Barred Plymouth Rock group to be resistant to reinfection. 

- « 


* Unpublished data 
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Injection of the cultured organisms in the wattle was followed by 
intranasal infection. Four of five birds receiving intraperitoneal 
injections likewise contracted intranasal infection within 9 days after 
receiving the first inoculation. 

The cloacal inoculation of the cultured organisms combined with 
laryngotracheitis virus did not result in any upper respiratory infec¬ 
tion in a group of five chickens. The chickens were later found to be 
resistant to laryngotracheitis virus, but susceptible to intranasal 
inoculations of cultured organisms. 

The fact that the preliminary group was resistant to intranasal 
reinoculations remains unexplained. 
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CHROMOSOME BEHAVIOR IN BLACKBERRY- 
RASPBERRY HYBRIDS 1 


By S. H. Yahnell 2 

Chief, Division of Horticulture, Texas Agricultural Experiment Station 

INTRODUCTION 

The genus Bvbus in the United States is characterized by inter¬ 
specific compatibility, frequent lack of complete fertility, and a 
high degree of heterozygosity. This is shown by the taxonomic work 
of Brainerd and Peitersen (2) 3 on the New England blackberries, by 
the genetic studies on the same material by Peitersen (10), and by 
several investigations of Darrow and Longley (4) and of Longley 
(5, 6). This is further emphasized by the dewberry X raspberry 
cross made by Ness (9) in 1912. Both first and second generations 


Dewberry ( Rubus rubrisetus ( R . trivialis)) X Brilliant red raspberry (R. strigosus) 

Pi (highly sterile) 

F 2 (5 fertile plants) 

F 3 (Nessberry, fertile) 


Nessberry X dewberry 

( R . rubrisetus (R. trivialis)) 

Fi (3 fertile 1-24 sterile) 

1 

F 2 (fertility variable) 

Nessberry X Early Harvest blaekbcrrv 
(R. argutus) 

I 

Fj (highly sterile) 

F 2 (fertility variable) 


Nessberry X Brighton red raspberry 
( R . idea us) 

1 j (highly sterile) 

i 


1 

Fa (fertility variable) 
1 

F 4 (fertility variable) 


F 2 (fertility variable) 

Nessberry X Hailsham red raspberry 
(R. idaeus) 

l 

Fi (highly sterile) 

1 

F 2 (fertility variable) 

1 

F 3 (fertility variable) 


Fioi re 1 .—Diagrammatic representation of the origin and later crosses of the Nessberry with blackberry, 

dowberry, and raspberry. 


of this cross (Rubus trivialis Michx. = R. rubrisetvs Rydb. X Brilliant 
red raspberry, R. strigosus Michx.) were quite sterile with the excep¬ 
tion of five F 2 (open-pollinated) plants, w r hich were almost completely 
fertile, giving a third generation of 859 pfants. Selections from these 
were given the name Nessberry. Ness then crossed this fertile 
hybrid to the dewberry parent, to two raspberries, and a blackberry 
and grew later generations. The last generation of each cross with 
the Nessberry, outlined in figure 1, has been available for cytological 
study. 


1 Received for publication Aug. 26, 1935; issued April, 1936. 

* The writer acknowledges the assistance of Fraser Cowart, Dr. U. R. Gore, and Hennie Levy in the 
preparation of cytological material at different times. 

1 Reference is made by number (italic) to Literature Cited, p. 396. 
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The work here reported was undertaken to obtain further knowledge 
of chromosome behavior in the genus Rubus. 

Since all of the crosses were made by the late Helge Ness, with 
whom the writer had no opportunity to discuss the material, portions 
of his notebook entries wdll be given in certain instances. An ac¬ 
count of much of this work has been published by Ness (£, ,9). In 
referring to his publications it must be remembered that he named 
the pollen parent first. For example, his paragraph heading (La X 
(Brilliant X La) F 3 ) F } thus becomes the first generation of the back- 
cross Nessbcrry X Rubus rubrisetus ( R . trivialis) (9). 

THE WILD DEWBERRY 

Ness (9) considered Rubus trivialis , the dewberry found locally, 
and R. rubrisetvs , secured for his work from Louisiana, as distinct 
species, based upon differences in shoot growth. It is doubtful, in 
view of the amount of variation in this xespect observed in dewberries 
of this locality, if there is sufficient genetic difference between the two 
to justify this distinction. Root tips of the former have 14 chromo¬ 
somes at metaphase (fig. 2, .1). There are seven pairs at diakinesis, 
frequently joined by a single terminal chiasma. The movement 
toward the poles at the anaphase of the first division sometimes 
tends to be a little uneven (fig. 2, B), otherwise the division appears 
normal. 

THE NESSBERRY 

Longley and 1)arrowy (?) illustrate the heterotypic division of the 
Nessberry with three figures. Diakinesis and meta phase exhibit 14 
pail’s of chromosomes; 1 pair appears to be lagging at telophase. 
They say: “It was exceptional to find irregularities during meiosis, 
but the history of this hybrid shows that it has been selected through 
several generations and now behaves like a stable species.” A 
slightly greater degree of irregularity than the foregoing account 
would indicate has been observed in plants grown in Texas. Lagging 
has been noted during the heterotypic division, and in addition the 
chromosomes seem to have some difficulty in forming a normal 
metaphase plate. This interferes with an even movement tow r ard 
the poles during the anaphase of the first division (fig. 2, C). 

NESSBERRY v RUBUS RUBRISETUS F 2 

Hie first generation ol the cross Nessberry X Rubus rubrisetus is dis¬ 
cussed by Ness ( 9 , ]>]). 22-23). The cross w r as described before it was 
know T n that the Nessberry has twice the chromosome number of its 
parents. This first generation consisted of 27 plants— 

intermediate of tlie parents, except throe individuals which show only the Ness¬ 
berry in all parts and bear a heavy crop of perfect fruits; all the others are more or 
Jess sterile, with canes showing traces of both parents. * * * The leaves have 

the form and size of the Nessberry but their texture and surface are characteristic 
of the blackberries. The flowering is abundant, but each resulting fruit consists 
of a few scattered drupelets. 

Tlio simplest explanation of these results would seem to be that 3 
tetraploid plants of the maternal type and 24 triploid true hybrids had 
been obtained. None of this generation has been available for study. 

A second generation was grown on two occasions. Seed was sown 
on October 15, 1924, from F, plants of the Nessberry type. Five of 



Mar. 1,1936 


Chromosome Behavior in Blackberry-Raspberry Hybrids 387 



Figure 2.—A, Rubus trivialis, root tip. B, R. trivialis, first *™Ph**ediakinesis; G, 3n, first 
Nessberry X R. trivialis Fa; J), 3n, first anaphase; R3w f first metap we, , 'Nessberry X Hailsham 
metaphase; IT, 2n, first anaphase; /, 3 n, root tip; J, 3 n, M b ' flrgt metanhase; N, first 


thfald ^achromatic oil-immersion objective 
and a 12.5 X compensating ocular. 
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the seventy-one plants are mentioned in the notes. In four of these 
the Nessberry parent was considered to be dominant; the fifth had 
“strong growth, many flowers but infertile, similar in all parts to the 
Fi”, presumably the intermediate type. The second planting was 
made October 12, 1927, “Seeds uniformly large.” The following Feb¬ 
ruary it was noted that the germination was poor, 64 plants being 
potted. Sixty-eight plants were set in the field during May 1928. 
Forty-two of these have been available for observation. 

The plants may be classified roughly into four groups: (1) A single 
plant in which the characters of the Nessberry parent are dominant; 
(2) a variable intermediate group of 10 plants; (3) those almost indis¬ 
tinguishable in appearance of canes from the dewberry parent, 28 
plants; and (4) 3 plants similar to those just preceding except that 
they are more vigorous and show Nessberry characters in the canes. 
The plants will be discussed in this order. 

(1) No. 27 resembles the Nessberry parent very strikingly in type 
of growth, i. e., the leaflets are large and broad, usually in threes; the 
canes are strongly branched, with fewer prickles and less pigmentation 
than the wild dewberry. In addition, the ripe fruit, which is reduced 
in size because of sterility, crumbles upon picking instead of breaking 
below the receptacle as in Rubvs trivial is. Twenty-one chromosomes 
were observed in root-tip preparations (fig. 2, /). There is evidently 
normal pairing between 14 chromosomes while 7 remain unpaired. 
This can be seen in the heterotypic anaphase illustrated in figure 2, D. 
Assortment of the unpaired chromosomes is probably at random. 
Counts of a rather limited number of metaphase plates of the homo- 
typic di\ision indicate that 9 and 12 is the most common distribution, 
followed by 8 and 13 and then 10 and 11. In figure 2, X, the distribu¬ 
tion has been 8 to one pole and 13 to the other; one of the chromo¬ 
somes has split and the halves are about to disjoin. 

The 10 plants of the intermediate group (2) differ widely in vigor. 
Six are highly sterile, the other four having reduced fertility. No. 1, 
sterile but vigorous, has the tetraploid chromosome number, with 
complete pairing. Three or four tetrasomes can be observed at 
diakinesis. Two chromosomes frequently lag at anaphase of the first 
division. No. 8, sterile and weak, has the diploid chromosome num¬ 
ber, which is readily seen at diakinesis (fig. 2, F). While the seven 

E airs seem to behave quite normally, evidence of a loose association 
etw’een the tw r o components of one of the disomes was noted. No. 12 
is fairly fertile; the 14 pairs frequently exhibit a multiple association 
with from 1 to 6, rarely 7, tetrasomes at diakinesis. The distribution 
is usually 14 and 14, but 13 and 15 chromosomes are sometimes 
observed at the liomotypic metaphase. Judging from premetaphase 
and first anaphase stages, plant no. 29 has the tetraploid chromosome 
number. Chromosomes of certain of the hybrid plants are hard to 
differentiate clearly, and since no. 29 is one of these, the precise chromo¬ 
some relationships are hard to determine. There are at least 12 pairs in 
this case, wdth a variable amount of multiple association during diaki¬ 
nesis and first metaphase, resulting in 7 or 8 groups of chromosomes in 
some instances. No. 29 appears to be less fertile than no. 27. The other 
six plants of this group were not examined cytologically. A summary 
of chromosome counts for this and other crosses is given in table 1. 

An examination has been made of the pollen mother cells from six 
plants which bear a close resemblance to the dewberry parent (group 
3). A count was made of the chromosomes in the root tips of an 
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additional plant. In each case the diploid number was found. These 
plants give evidence of their hybrid origin by their vigor, by the 
immense size of the fruits in many cases, by a peculiar flavor of the 
fruit of certain of the plants, and in some instances by a reduced 
fertility. The pairing is complete, although somewhat looser than 
in trimalis. There is a reluctance of one or two chromosome pairs to 
disjoin promptly (fig. 2, H ); otherwise the divisions are quite regular. 
There was a large amount of apparently good pollen—68 and 78 
percent for two plants examined in iodine-potassium iodide solution. 

Table 1 . —Summary of chromosome counts obtained 







Plants 



Group 

no. 







Cross 

Type 

2 n 

Sn 

4n 

Not ex¬ 
amined 

Total 

Nessberry X R. rubrisetus 
(dewberry) F 2 

1 

V P dominant. 

Num¬ 

ber 

Num¬ 

ber 

1 

Num¬ 

ber 

Number 

Number 

1 

2 

intermediate. 

I 


3 

6 

10 

3 

cf P rinminant_ _ 

7 


21 

28 


4 

c? P predominates, vigorous 


3 


3 



Total _ .. 

8 

4 

3 

27 

42 








Nessberry X Brighton (rasp¬ 
berry) F a . 

1 

Dewberry type. . _ 




2 

2 

2 

Nessberry type . 



2 

4 

6 



Total_ 


- 

2 

6 

8 

Nessberry X Hailsham 
(raspberry) F>. 

1 

Entirely fertile.. __ . 



27 

46 

73 

2 

Fertility reduced.._ 



28 

29 

57 

3 

Sterile___ 



7 

16 

23 



Total.... 

— 


62 

91 

163 






Nessberry X Early Ilarvost 
(blackberry) F<. 

1 

Entirely fertile.. 



18 

62 

80 

2 

Keduced fertility.. 



29 

38 

67 

3 

i Sterile....... 



5 

27 

32 



Total... 



52 

127 

179 







The last group (4) consists of three plants differing from those 
immediately preceding by their greater vigor, reduced pigmentation 
and number of prickles, and increased branching of the canes. All 
three have the triploid chromosome number. Classification of 
chromosome groups of an early first metaphase of no. 45b on a basis 
of size suggests three monosomes, three disomes, and four trisomes 
(fig. 2, E). A spindle view of first anaphase, not illustrated, lends 
support to this interpretation. 

The chromosome number of no. 45c was determined from root-tip 
material only. Both somatic and meiotic chromosomes of no. 55 
were examined. There is a strong tendency for the formation of 
trisomes in the latter plant, as can be seen during the early first 
metaphase of figure 2, G . There are not usually so many trisomes. 
In figure 2, J, also a first metaphase, there is only one obvious 
tiisome, at the upper right. 

NESSBEERY X BRIGHTON F 2 

Nessberry X Brighton represents a backcross to a raspberry species, 
R. idaeus, L., similar to the original parent. The first generation was 
discussed by Ness ( 9 , p. 23). It was noted that— 

AU of the plants set a profusion of flowers, but not a single flower produced 
perfect fruit. Each fruit consisted, as in other cases of partial sterility, of only 
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a few drupelets. By gathering nearly every drupelet, an ample amount of seed 
for a second generation was secured ( 9 , p. 25). 

There were 230 plants, all no doubt with the triploid chromosome 
number. 

Seeds for the second generation were sown in boxes on October 12, 
1927; “germination very poor.” Eleven plants were potted the 
following March, and 12 plants were set in the field on May 15, 
1928. Eight of these have been available for study. In spite of the 
use in the breeding work of large numbers of insect-proof cages 
large enough to cover a plant, it seems highly probable that this 
family resisted from open pollination, as two of the plants are quite 
similar to the wild dewberry except in fertility. Three plants of the 
Nessberry type are almost completely sterile and threo plants are 
quite fertile* Two of the latter have the tetraploid chromosome 
number. Fourteen pairs can be seen at diakinesis and in both cases 
there is evidence of a multiple association to give anywhere from one 
to six loose tetrasomes. Lagging occurs at both heterotypic and 
homotypic anaphases. One of these had 34 percent apparentl^good 
pollen. 

NESSBERRY X HAILSHAM F 3 

Nessberry X Hailsham is the same type of cross as the one just 
discussed, the two first-generation families being very similar. Seed 
for the second generation was saved from a plant “with perfect, 
large fruit, foliage differing from rest in texture * * * very sim¬ 

ilar to Nessberry in all characters.” The F 2 consisting of 93 plants, 
w as planted in the field in 1925. Notes were taken the following May 
on 10 plants. Two were of the Hailsham type, but completely 
sterile; one was like the wild dewberry, but with “imperfect” fruits; 
the remainder varied, both in appearance and fertility. On May 16, 
1927, an additional plant was described as follows: “Low, compact; 
loa\es, shoots typical of Nessberry; very prolific; flower cluster 
largo; berries large, Nessberry in form and color; drupelets adher¬ 
ing; tendency to break under calyx.” While no record is available, 
this unusual praise, together with the appearance of this third gener¬ 
ation, makes it seem quite likely that this plant was its parent. Two 
hundred and seventy F 3 plants were set in the field on May 14 and 
15, 1928. One hundred and fifty-three of these have been available 
for observation. 

W ith the exception of certain plants of weak growth the family in 
general favors the Nessberry. All plants have been placed in three 
groups on a fertility basis, as follows: (1) Entirely fertile, 73 plants; 
(2) fertility reduced, 57; (3) almost or entirely sterile, 23. The clas¬ 
sification is based upon the appearance of the fruit. Buds of 60 
plants have been examined. As far as could be determined from 
pollen mother cell material all plants have the tetraploid chromosome 
number. The somatic chromosome number of one of these was 
found to be 28. 

While the first group seemed to be completely fertile as judged by 
achene development, in nine representative plants the percentage of 
good pollen varied from 45 to 67. In addition, no. 72 had only 16 
percent of good pollen, while, in contrast to this, no. 7 had only 3 
percent of empty grains, the remainder varying greatly in size, none 
staining as deeply as pollen from other plants. 
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Three of the twenty-seven plants examined exhibited no multiple 
association. Most of the plants had one or two tetrasomes at diaki- 
nesis. In four cases as many as seven tetrasomes were sometimes 
found (fig. 2, N), and in one plant six tetrasomes and two disomes. 
Two of the plants having seven tetrasomes were at first mistaken for 
diploids (Yamell (11)), but further examination showed that they as 
well as the others have the tetraploid number of chromosomes. In 
spite of an evident reluctance to form a normal plate at first meta¬ 
phase with consequent lagging of chromosomes during the anaphase 
following, the usual division is 14 chromosomes to each pole. The 
great variation in size of pollen grains found in no. 7 is probably due 
to the loss of lagging chromosomes. The low percentage of good 
pollen in plant no. 72 was not fully explained by a study of meiosis. 
There was some evidence of a tendency toward incomplete association 
at diakinesis but this was rare. 

The chromosome behavior of the plants with reduced achene devel¬ 
opment differs from that of the foregoing group only in degree. The 
percentage of good pollen from six representative plants was found to 
vary from 36 to 50, somewhat below that of the previous group. As 
before, two exceptional plants were found—no. 47 with 85 percent of 
good pollen and no. 162 with no good pollen. 

The diakinesis shown in figure 2, K, has 14 pairs of chromosomes. 
This is from a plant (no. 74) having from none to seven tetrasomes. 
The figure illustrated in figure 2, 0 , represents a first anaphase of this 
same plant, and illustrates disjunction without the formation of a 
metaphase plate. One pair covered by others is drawn outside the 
cell. The diakinesis of figure 2, M , a, has seven tetrasomes, which are 
shown in figure 2, M, b, as they appear at first metaphase. A polar 
view of the first metaphase of this plant (fig. 2, Q) has five tetrasomes 
and four disomes. Lagging at second anaphase (fig. 2, R) occurs in 
the group. 

The last group was originally classified as: (1) Almost sterile, 13 
plants; (2) entirely sterile, 3 plants; and (3) weak growth with no 
flowers, 7 plants. Three plants were found to have the following per¬ 
centages of good pollen: 3, 21, and 24, respectively. The amount of 
multiple association varies from none to seven tetrasomes as before. 
The lack of organization at the normal period for first metaphase is 
more pronounced, however. This results in nondisjunction more fre¬ 
quently than in the more fertile plants. A 15 and 13 division (fig. 2, P ) 
is fairly common. 

NESSBERRY X EARLY HARVEST F 4 

Nessberry X Early Harvest represents an outcross to a blackberry 
type. Early Harvest is said to have been propagated from a selected 
wild plant growing in southern Illinois. It is referred to Rubvs 
aryutus Link by Card (3) and by Bailey ( 1 ). The cross was made in 
1919, the small first generation having black fruit rather than the deep 
red of the Nessberry. In leaves and stem the plants favored the 
female parent. The flowers were highly sterile. Seeds to produce 
the second generation were “medium to small, of Early Harvest 
type.” On May 3, 1923, 10 plants were set in the field. On May 
19,1924, there were “seven plants, intermediate except no. 6 and very 
uniform in characters.” One of the intermediate plants was chosen 
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as parent of the third generation. There was an abundance of both 
large and small seeds. Sixty-one F 3 plants were set in the field during 
November 1925. Notes were made on seven of these plants during 
May 1927. All were fertile and prolific, but they varied somewhat 
in character of vegetative growth. Seed was saved from two of these 
for a fourth generation. The seeds were variable in size; germination 
was good, 336 plants being set in the field in May 1928. 

The plants as a whole do not differ greatly in appearance from those 
of the previous cross, as the Nessberry influence is dominant in both. 
In each case there is a great deal of variation, particularly in vigor, in 
size of leaves and flower clusters, and in general habit of growth, 
including the amount of branching and the degree of procumbcncy. 

A classification of the fertility of the 179 plants available for study 
was made from the fruit as before. (1) Eighty plants seemed to be 
entirely fertile; (2) 67 had reduced fertility, and (3) 32 were almost 
sterile Pollen was examined from 11 plants of the “fertile” group. 
They fell into three classes* Six plants with from 70 to 80 percent of 
good pollen, four plants with from 57 to 59 percent of good pollen, and 
one plant with 32 percent of good pollen. Ten of thirteen plants 
examined critically gave evidence of multivalent association, usually 
having two or three tetrasomes, although two plants had as many as 
seven tetrasomes part of the time. The other three plants had only 
disomes at diakinesis and metaphase of the first division. The 
drawn-out anaphase resulted in an equal distribution of chromosomes 
in all cases noted. In figure 2, T, the chromosomes are separating 
without the formation of a metaphase plate. There is a single tetra- 
somc at the upper left. This illustrates an extreme degree of irregu¬ 
larity for this group. 

Eight of nine plants with “reduced fertility” had from 64 to 82 
percent of apparently good pollen. One other plant, no. 23, had 
only 1.7 percent of good pollen. Buds were fixed from 23 plants of 
this second group. No. 23 gave evidence of the association of four 
chromosomes to give two disomes at the metaphase of the second 
division. From two to four tetrasomes were usually observed dur¬ 
ing the first division. Anaphase of the first division of this plant 
w r as more regular than for most plants of the group (fig. 2, S ). The 
chromosomes have been spread in drawing. Considering all 23 plants 
examined, there w r erc more tetravalent bodies than in the previous 
group. Only one plant exhibited disomes. The number of tetra¬ 
somes commonly found ranged from two to four, with four plants 
sometimes having as many as six or seven. There w T as more lagging 
near the end of the first division in this than in the preceding group. 
A division of 13 and 15 w r as observed in six plants; five spores were 
sometimes formed from one sporocyte. 

The six plants classified as “almost sterile” that were examined 
cytologically differed but little from the foregoing group. The irregu¬ 
larities were of the same type and appeared to be of about the same 
degree. One plant w^as found to have 70 percent of apparently good 
pollen. 

DISCUSSION 

As pointed out by Ness (9) and later by Longley «,nd Darrow (7), 
the five fertile plants of the second generation of the cross wild dew¬ 
berry (Rubus trivialis) X Brilliant red raspberry (i£. strigosus) behave 
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as a true species. Since the fertility is due to chromosome doubling 
in the hybrid F t , the Nessberry should be classed as an amphidiploid 
rather than as a true tetraploid. A second cross made by Ness with 
the same dewberry by Haymaker, R. negledus Peck (occidentalis X 
strigosus), appears to have doubled its chromosome complement in a 
first-generation plant in the same way. Plants of this fertile second 
generation were fertile with the Nessberry (9). 

It is of interest to note that there were only five fertile plants among 
a second generation otherwise highly sterile. Since the first hybrid 
generation must have had two genoms of seven chromosomes each 
it appears that the doubling most likely occurred at a time to pro¬ 
duce both egg and pollen grains of an Fi plant with two genomes— 
probably in a somatic cell during differentiation of a flower bud, 
possibly giving a sectorial chimera. If it had happened earlier a 
larger number of fertile second-generation plants would be expected; 
if later, sterile 3 n plants would result. Some, indeed, may have had 
the triploid chromosome number. It is possible, of course, that these 
five plants were produced from the union of nonreduced gametes. 
This explanation seems to be less likely than the first because seeds 
from first-generation plants wore sown 2 years in succession without 
the appearance of a single fertile plant. 

The four families under consideration represent backcrosses to the 
two parental species and an outcross to a distinct species, Rubus 
argutus (fig. 1). The first-generation plants of these later crosses 
would normally be expected to have the triploid chromosome num¬ 
ber. This expectation seems to have been realized in each case with 
the exception of three plants of the backcross to the dewberry, which 
were fertile and of tho maternal type—possibly due to accidental 
self-pollination. 

In two cases plants of a second generation of backcrosses to the 
two parental species have been available for study. Twenty-eight 
of the forty-two plants of the cross involving Rubus rubrisetus (R. trivia- 
lis) have a marked resemblance to tliis species. All of these plants 
examined are diploid. The large number of plants of this type 
suggests that they may have originated by the open pollination of 
F 2 plants with pollen from the wild dewberry, the egg contributing a 
haploid chromosome set. All exhibit hybrid characteristics and so 
must contain chromosomes, or at least portions of chromosomes, 
derived from the original red raspberry parent. In spite of the wide 
genetic differences between corresponding chromosomes (being 
derived from different sections of the genus) they are able to pair in 
these plants and behave otherwise in a» fairly normal manner. The 
raspberry genes are obviously in the minority since the appearance 
of the plants is in striking contrast to that of the Fj of the cross R. 
trivialis X Brilliant, which also must have been diploid. Ness (9) 
reports that the raspberry type was very dominant in the Fj. 

The triploids in the backcross under consideration are of two types, 
one plant being very similar to the Nessberry, and three plants favor¬ 
ing the dewberry but considerably more vigorous. The appearance 
of these types can be accounted for by supposing that they carry 
two genoms most or all of whose genes come from the parent they 
favor. If the latter three plants result from pollen from Rubus 
trivialis, the egg would then have contributed two sets of chromo- 
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somes, a part of which must have been derived from R. strigosus . If 
association can be taken to represent genetic similarity in this case 
one would assume that there are two complete genoms and possibly 
four additional chromosomes that should be referred to R . trivialis 
and three chromosomes deriving largely from R. strigosus . In the case 
of the plant resembling the Nessberry parent one is tempted to 
assign two genoms to R. strigosus and one to R. tnrialis. 

Since the Nessberry regularly has 14 pairs, it is reasonable, con¬ 
sidering the wide genetic differences between the parental species, 
to suppose that pairing is between genoms from the same species, 
with a resulting lack of opportunity for their modification by crossing 
over between chromosomes of the two species involved. The first 
generation of the backcross to the dewberry parent would then have 
two genoms derived from Rubus trivialis and one from R . strigosus . 
Plants with the triploid chromosome number obtained upon selling a 
triploid of this constitution would be expected to favor the wild dew¬ 
berry. The origin of no. 27, favoring the Nessberry is hard to explain. 
Its appearance, together with the Drosera type of pairing obsesyed, 
strongly suggests that its chromosomal complement does consist of 
tw r o genoms from strigosus and one from trivialis. 

Plants with the tetraploid chromosome number appear in both 
second-generation families. This is also probably true in the F 2 of 
the crosses of Nessberry wdth the Hailsliam raspberry and Early 
Harvest blackberry, since a portion of plants of these second genera¬ 
tions were highly fertile. Selection of plants of the Nessberry type 
accounts for the appearance, the fertility, and the chromosome num¬ 
ber of the later generations studied. 

The meiotic chromosome behavior of these later generation 2N- 
chromosome plants differs from that of the N essberry in two particulars. 
The association of four chromosomes is characteristic of the hetero¬ 
typic division and the degree of irregularity is much greater in the 
former group of plants. The first may result from the accumulation 
of more than two homologous chromosomes upon the formation of 
4 n plants from 3 n individuals. The second is the natural result of 
the introduction of chromosomes from a distinct species together with 
the changed balance just noted. 

These conditions account for the variability found in the third and 
fourth generations under study in regard to general plant vigor and 
morphological characters. Since these depend upon the particular 
genetic combination obtaining in each plant and since the chromo¬ 
somal irregularity is probably dependent upon a more general effect 
oi the chromosome complement, a close correlation between the degree 
of vigor and chromosome regularity is not to be expected. This 
seems, in some instances at least, to be true also of fertility and 
chromosome behavior. 

.ill of the crosses were made by Ness with the object of securing a 
berry combining the high quality of the red raspberries with the abinty 
of the wild dewberry to withstand conditions of heat and drought, 
and, of course, the w T ork w as done without a knowledge of chromosome 
behavior in the hybrids. The possibility of chromosome doubling in 
a hybrid that is highly sterile because of wide genetic differences 
between the parents is recognized as a means of extending the activities 
of the plant breeder. The ultimate effect is to complicate the breed- 
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ing behavior of the material through the use of parents with different 
chromosome numbers, through the apparent loss of important recessive 
characters where pairing is only between chromosomes of corre¬ 
sponding genoms in the new ampliidiploid, and through the fact that 
a larger number of chromosomes prevents simple segregation and 
recombination of characters observed in the original parents. The 
tim'd and fourth generations of the Nessberry outcrosses discussed 
above are particularly good examples of the last point. Even in the 
fourth generation few plants exhibit a really stable chromosomal 
balance. Practically all characters show some influence of both par¬ 
ents. Where such chromosome doubling has occurred, the breeder 
may expect a high degree of variability both as to degree of fertility 
and general somatic characters in using the material in outcrosses 
to secure more desirable combinations. 

SUMMARY 

A cytological study has been made of crosses involving the amphidi- 
ploid hybrid of a dev berry X red raspberry cross (the Nessberry) 
with the diploid dewberry parent and with two diploid raspberries and 
a blackberry. 

Plants with the diploid, triploid, and tetrapolid chromosome number 
were found m the second generation of the dewberry baekcross. A 
single diploid was of intermediate type; 28 diploids strongly favored 
the dewberry type and may represent outcrosses of the Fi to the wild 
species. The triploids were of two types; one plant favoring the Ness¬ 
berry and three plants nearer to the wild dewberry but more vigorous. 
Seven disomcs plus seven single cliromosomes were found during the 
first division of the first triploid; from three to four trisomes (occasion¬ 
ally more) can be distinguished in the second type. 

Plants of the third generation of the Nessberry X Hailsliam red 
raspberry cross and plants of the F 4 of the Nessberry X Early Harvest 
blackberry cross all had the tetraploid chromosome number. This is 
probably due largely to selection of plants favoring the Nessberry in 
the second and third generations. Meiosis of these plants is distin¬ 
guished from that of the Nessberry by the frequent occurrence of 
multivalent association to give from one to as many as seven tetra- 
somes, and by considerably greater chromosomal irregularity during 
the reduction division. 

It seems likely that such association reflects genetic similarity 
among the associating chromosomes, since there has been an oppor¬ 
tunity for more than two corresponding chromosomes oFa genom to 
become segregated in a single plant. * 

A wide variation in vigor observed among the plants of these later 
generations is probably due to genetic differences possible in the 
recombination of chromosomes from the three species involved. 

There was some correlation between chromosome regularity at 
meiosis and degree of fertility, but the most sterile plants did not 
exhibit a greater degree of chromosome irregularity than many less 
sterile. 

It is pointed out that a doubling of the chromosomal complement 
in a sterile hybrid greatly complicates its breeding behavior in subse¬ 
quent outcrosses. 
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BLACK CHAFF DISEASE 
By R. H. Bamberc^* 

Agent, Division of Cereal Crops and Diseases, BureaitpffJflA'U iwtfmfry, Untied 
States Department of Agriculture ' ’ 

INTRODUCTION 



Black chaff of wheat (Triticum aestivum L., T. mlgare Vill.), caused 
by Bacterium translucens var. undulosum Smith, Jones, and Reddy, 
has been present in the wheat-growing region of the Mississippi Valley 
for a number of years. Although it has become distributed generally 
throughout the central and upper Mississippi Valley , it usually does 
not become epidemic over large areas on the varieties commonly 
grown. This sporadic occurrence of severe infection may be due to 
variations in environment. No extensive investigations have been 
made to determine what environmental conditions favor the develop¬ 
ment of epidemics of the disease, although the heaviest infections 
have occurred in wet seasons. In the hard red spring wheat area 
Hope and H-44, two varieties that have proved very resistant to 
stem rust, are being used extensively as parent stock in the breeding 
of new disease-resistant varieties. Since these two varieties are 
among the most susceptible to black chaff, there is danger of the 
disease becoming epidemic under favorable environmental conditions 
should selections obtained from crosses with these varietiesj or with 
other susceptible ones, become widely grown. Therefore, it is evi¬ 
dently desirable to know the susceptibility or resistance of the new 
varieties and hybrid selections grown. However, in order to test 
most effectively varieties and hybrid selections for their reaction to 
black chaff by means of artificial epidemics, it is necessary to know 
the environmental conditions most favorable for the production of 
an epidemic and the life liistory and physiologic specialization of the 
pathogen. 


GEOGRAPHIC DISTRIBUTION AND ECONOMIC IMPORTANCE 

The black chaff disease of wheat is widely distributed, occurring 
rather generally in many of the principal wheat-producing countries 
of the world. In North America it is known to occur in-the United 
States, Canada, and Mexico. The first record of its presence in the 
United States was probably made by Heald ( 10 ) 3 in 1906, when he 
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briefly called attention to a bacterial blight of the leaves of wheat in 
the breeding plot at the Nebraska Agricultural Experiment Station 
that year. Since that time it has been found throughout the Missis¬ 
sippi Valley and in California (19). 4 5 Bisby and Buller (2) first 
reported the presence of black chaff in Canada in 1922. Drayton (6) 
stated that it occurred there in 1923 and 1924, and Greanev (8) found 
it in Manitoba every year from 1926 to 1929. During the summer 
of 1931 the writer received from Mexico specimens of wheat affected 
by a disease which he identified as black chaff. The specimens were 
collected by H.G.Ukkelberg in the State of Coahuila. Other speci¬ 
mens were received in April 1933 from Wallace Butler from the 
State of Nuevo Le6n. 

Jaczcwski (12) first reported black chaff in Europe in 1925. He 
found it on wheat samples collected as early as 1910 and 1911 from 
the Provinces of Mohilev in Belorossia and Elisavetopol in Crimea, 
lie also found it on samples from the Province of Poltava in Ukraine 
collected in 1916, from Crimea in 1922, and from Kharkov and Kiev 
in 1924. It was also found in the Provinces of Voronezh andj^on, 
and the district of Kuban in Caucasia. Millasseau (16) first noted 
the disease in France in 1927. lie found it rather generally dis¬ 
tributed in the area around Paris. The next year (1928) Hocquette 
(11) found it at Cappelle, in the Department of Nord, which is adjacent 
to Belgium, and Marchal (16) found it in Belgium in 1929. 

Jaczewski (12) gave evidence of the occurrence of the disease in 
Asia as early as 1893. He found black chaff on specimens of wheat 
collected in Sungpan, China, in that year. No other reports of the 
disease in Asia have been found. 

The first report of the occurrence of black chaff in Africa appeared 
in 1930. Verwoerd (22) found a bacterial disease on wheat in the 
plots at the College Cereal Experiment wStation, Malmesbury, South 
Africa, in 1929, which he later identified as black chaff. Burton (4, 
Rept. 1930) noted the occurrence of the disease in Kenya, British 
East Africa, in 1930. 

Published data regarding the losses in yield and quality of grain 
due to black chaff are limited. The reports that have appeared have 
mostly been estimates of losses over large areas without experimental 
data giving comparative yields of infected and uninfected plants. 
Burton (4, Rept . 1981) reported that a number of varieties in yield 
trials in 1931 were completely destroyed by the disease. Waldron (23) 
made a comparison between the weight of grain from infected and 
noninfected plants in a number of F 3 families from crosses of Hope 
with other varieties. He found that there was a decrease in the 
weight of the prain from the infected plants and that as an average of 
several families tho decrease was 10.5 percent. Evidently, the 
amount of loss that would be caused by the disease depends upon the 
time and severity of infection. The writer has found that where there 
is severe infection part of the spikelets are often barren and the more 
severely infected culms may be entirely barren. 


HISTORICAL REVIEW 


As early as 1906, Heald (10) recorded the occurrence of a bacterial 
blight of wheat in the breeding plot at the Nebraska Agricultural 
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Experiment Station. Although he gave no description of the diseased 
except to say that it was. a bacterial blight of the leaves, it probably 
was black chaff. Jones, Johnson, and Reddy in 1916 (13) called 
attention to a bacterial blight of wheat, which they found to be 
similar to or identical with a disease of barley that they called bacte¬ 
rial blight. They stated that the symptoms of the two diseases and 
the cultural characters of the causal organisms appeared to be identi¬ 
cal. Although their description of the symptoms of barley blight 
was brief, it was accurate enough to leave no doubt that the disease 
which they found on wheat was the same as that later described by 
Smith (19) as black chaff. 

Smith (19), in 1917, described the disease very clearly as it appears 
on the glumes of wheat, especially on ripening grain, but he did not 
point out definitely the symptoms on seedlings or on the parts of older 
plants other than the glumes. In a note written later in the same 
year he reported that he had been able to obtain a high percentage of 
seedling infection with artificial inoculations and that he had isolated 
the pathogen from diseased leaves, stems, glumes, and kernels. 6 He 
found bacteria in great numbers in corroded cavities in the interior of 
shriveled grain and he believed that the general appearance of the 
pathogen in and on the wheat grains suggested that the organism 
might live over from one year to the next on infected seed. The 
following year (1918) he obtained what he considered evidence sub¬ 
stantiating this belief and suggested the following methods of ridding 
the seed of this hold-over inoculum: 7 (1) Screening to remove the 
shriveled grain containing the bacterial cavities iitid (2) treating the 
seed grain with 1:1,000 copper sulphate solution to destroy the 
surface bacteria. 

Braun (3) presented very strong evidence that seedling infection 
occurred in Kansas in 1919 in fields planted to seed from infected 
fields, and that the seedling infection there was greatly reduced or 
entirely eliminated by treating the infected seed with formalin or 
copper sulphate. 

Although the bacteria] nature of the black chaff pathogen had been 
known for several years, no description of the organism or its host 
range was available before that given by Smith, Jones, and Reddy (20) 
in 1919. In morphology, physiology, and cultural characteristics 
they found it to be almost identical with Bacterium translucens, the 
pathogen of bacterial blight of barley, as described by Jones, Johnson, 
and Reddy (14)* The principal difference between the wheat and 
barley organisms was in pathogenicity. In cross inoculations, on the 
leaves of seedlings the barley pathogen*was either noninfectious on 
wheat or produced small nontvpical lesions, while the wheat pathogen 
was almost as pathogenic on parley as on wheat and the lesions pro¬ 
duced on barley by the two organisms were indistinguishable. 

OBJECTS OF THE INVESTIGATIONS 

The specific objects of these investigations were to study: (1) The 
factors which contribute to the production of an epidemic, (2) the 
life history of the causal organism, (3) the method of overwintering 

• Smith, E. P. black ghajt of wheat. U. 8. Dept. Agr., Bur. Plant Indus. Plant Disease Survey 
Bull. 1: 40. 1917. (Mimeographed.) 

7 Smith, E. F. See footnote 4. 
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of the organism, (4) varietal susceptibility, and (5) the specificity of 
pathogenicity of the causal organism. 

MATERIAL AND METHODS 

In the fall of 1929, a culture of the pathogen of black chaff of 
wheat was obtained from Dr. Delia Johnson, who had made the isola¬ 
tion from diseased wheat grown at University Farm, St. Paul, Minn., 
in 1929. For convenience this isolate has been called culture M. 
Another culture was recei\cd from A. G. Johnson, of the Division 
of Cereal Crops and Diseases, Bureau of Plant Industry, United 
States Department of Agriculture, Washington, D. C. This was 
designated as culture W. 

During the early summer of 1931 sectors appeared in old colonies 
of cultures M and W growing on potato-dextrose agar in Erlenmeyer 
flasks. These sectors differed from the original colonies in color, vis¬ 
cosity, and rate of growth. Transfers were made from these sectors 
by removing a small amount of bacterial growth from the margin to 
fresh agar slants w r ith the end of a flamed needle. With thisTpro- 
eedure three new cultures of the organism were obtained,.one as a 
sector from culture M and two as sectors from culture W. These 
were designated as M-l, AY-1, and W-2, respectively. 

The culture medium used for stock cultures and all experimental 
work, unless otherwise stated, was potato-dextrose agar (1 percent of 
dextrose and 1.5 percent of Bacto-agar). 

Stock cultures of the black chaff organism were kept on agar slants, 
either at room temperature in the laboratory or in an ice box. Trans¬ 
fers were usually made at 2- to 4-week intervals to keep a supply of 
vigorously growing cultures on hand. After being kept in the labora¬ 
tory for approximately 3 weeks during parts of July and August 1931, 
cultures M and A\" failed to grow~ when transferred to fresh agar slants, 
so these were no longer a\affable for experimental work. All efforts 
to revive them wdtli \arious culture media failed. However, cultures 
M-l, W-l, and \A r 2 did resume growth when transferred to fresh 
agar slants and these were used as inoculum for later pathogenicity 
and cultural studies. 

AA'atcr suspensions of the bacteria were used as inoculum. These 
suspensions w r cre made by scraping into tap water the bacterial growth 
from fresh colonies growing on agar slants. Usually cultures 72 to 
96 hours old w r ere used, and enough of the bacterial growth was put 
into the w r ater to make a heavily clouded suspension. 

When the waiter began work on black chaff in the fall of 1929 no 
method of inoculating the plants with the pathogen had been described 
which v r as suitable for greenhouse experiments. Therefore, one of 
the first problems was to develop a method of inoculation for such 
work. Three different methods of inoculation were used: (1) Spray- 
ing*the plants thoroughly with the bacterial suspension by means of 
an atomizer; (2) rubbing the suspension on the leaves with the fingers; 
(3) forcing the inoculum into the leaf roll of young plants or into the 
boot of older plants with a hypodermic syringe. 

Spraying plants with suspensions of the bacteria in water or nutrient 
broth usually gave poor results, even when the plants were kept in 
moist chambers for 48 hours after inoculation. Tins was probably 
due to the fact that the inoculum which remained on the surface of 
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the plants and even the bacteria which had entered the substomatal 
cavities were quickly dried out and their further advance into the host 
checked by the low humidity existing in the greenhouse in cold 
weather. On the other hand, it was sometimes desirable to place 
these plants immediately after inoculation, without incubation in 
moist chambers, under the conditions in which they were to bo grown. 
In such cases no infection resulted from the spraying method of inocu¬ 
lation. Likewise, when the inoculum was rubbed on the leaves with 
the fingers the results were either negative or not consistent enough 
to be reliable. 

The most successful method found was that of introducing the 
inoculum into the leaf roll by means of a very small needle on a 
hypodermic syringe. The injections w ere made by sticking the point 
of the needle mto, but only partially through, the leaf roll at an angle, 
the beveled side of the point being held toward the plant. In this 
way one or more injections could be made with little injury to the 
plant. At each injection several punctures w ere usually made through 
one or more of the rolled leaves, thus injuring several surfaces for the 
bacteria to attack. Whether seedlings or older plants were used, a 
quantity of inoculum could be forced between the rolled leaves and 
even out of the top of the spiral. Thus the leaf roll served as a moist 
chamber, protecting the inoculum from desiccation. Hereafter this 
method will be referred to as “hypodermic inoculation.” It was the 
method used for all experimental inoculations unless otherwise stated. 

ETIOLOGY 

DESCRIPTION OF CAUSAL ORGANISM 

Black chaff of wheat is caused by Bacterium translucens var. un- 
dulosum Smith, Jones, and Reddy. This organism is a monotrichous 
rod; hence the genus corresponds to Migula’s Pseudomonas and the 
Society of American Bacteriologists’ Phytomonas. Smith, Jones, and 
Reddy {20) did not give in detail tho physiologic and cultural char¬ 
acteristics for this new variety but stated that in general they were 
the same as those described for Bad. translucens . 8 The only excep¬ 
tion noted was that on whey agar the slime produced by the wheat 
pathogen was a deeper yellow and less fluid than that produced by 
the barley pathogen. This difference might not have held if they 
had made comparative studies wdth a number of isolations of the two 
organisms. The writer found wide variations in the color and vis¬ 
cosity of the bacterial growth among the five cultures (M, W, M-l, 
W-l, and W-2) within the variety Bad. translucens undvlosum. On 
agar slants culture M w^as slightly deeper yellow and produced less 
fluid slime than culture W. However, M-l was very light yellow 
and produced little slime. Cultures W-l and W-2 were very similar 
to their parent culture, W, except for a slightly deeper yellow color. 
Since the writer found that color of colonies and fluidity of slime are 
not constant characters wdth Bad. translucens var. undulosum } he does 
not consider these characters a good basis for differentiating between 
Bad. translucens and Bad. translucens var. undulosum. 

Two other differences between the two organisms were described 
by Godkin ( 6 ). He found that within the colonies of both bacteria 

'Johnston, O. 0. diseases or wheat in Pennsylvania and Kansas. U. S. Dept. Agr.,Bur. Plant 
Indus. Plant Disease Reptr. 13:86. 1929. [Mimeographed.] 
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there were minute undulations or striations, as had been previously 
described for Bacterium translucent var. undvlosum (S0\ but that 
they were more pronounced and appeared sooner in colonies of Bact . 
translucent var. undulosum than in colonies of Bact. trantlucens . The 
writer was unable to get authentic cultures of Bact. translucens to 
make comparisons with Bact. translucent var. undvlosum in this 
respect. 

The other difference which Godkin found between the two organ¬ 
isms was in their action on lactose. He stated that, in beef bouillon 
plus lactose, Bacterium translucens var. undvlosum produced an acid 
reaction while Bad. translucens produced an alkaline reaction.. These 
results are only in partial agreement with the results obtained by 
the writer. When grown on beef bouillon plus lactose, culture W 
and cultures W-l and W-2, which arose as sectors from culture W, 
either produced an acid reaction or caused no change in the reaction 
of the medium. In two out of three trials culture W caused no change 
of reaction in the medium, while in the third trial it produced an acid 
reaction. No change of reaction was evident in the single triaWith 
W-l and W-2. In all the trials with sugars, from 6 to 10 tubes of 
the medium were inoculated in each case, and 4 tubes were left sterile 
as chocks. On beef bouillon plus lactose, cultures M and M-l pro¬ 
duced an alkaline reaction or no change. In two out of three cases 
there was no change in the reaction caused by M, but in one trial with 
M and in the single trial made with M-l there was a definite change 
to alkalinity. To the writer, these conflicting results indicate that 
Bad. translucent var. undulosum does not cause a specific reaction 
when grown on beef bouillon plus lactose, but rather that certain 
isolations of the organism may produce acid while others produce 
alkali. It is not strange that isolations of this organism should differ 
in this characteristic, because, as will be shown later, they differ in 
other respects. Since neither Jones, Johnson, and Reddy ( 14 ) nor 
Smith, Jones, and Roddy (SO) recorded a difference in action on 
lactose between the two organisms, it seems likely that in this respect 
the cultures with which they worked were very similar to each other 
but different from the cultures used by Godkin. 

RELATION OF ORGANISM TO HOST TISSUE 

The writer was unable to find any report of work having been done 
to determine how the pathogen enters the host or what part of the 
tissues it attacks. Millasseau (16) made the statement that the bac¬ 
teria are within the tissues of the host in older lesions, but he did not 
say whether they were intercellular or intracellular. Jones, Johnson, 
and Reddy (14) found that infection by Bacterium translucens was 
stomatal and that the bacteria invaded the intercellular spaces of 
the parenchyma in the early development of lesions. Instances of 
advanced invasion were found where the cell walls had partially dis¬ 
appeared. Their results are very similar to those obtained by the 
writer with Bact . translucens var. undvlosum. 

Bacterium translucens var. undvlosum enters the host plant by way 
of the stomata and through wounds. Fresh leaves from inoculated 
wheat seedlings were dipped for a few minutes in a staining solution 
made up of 0.1 percent of thionine in 50-percent alcohol. The seed¬ 
lings had been inoculated by spraying them with a water suspension 
of the bacteria and had been kept in moist chambers either 24 or 48 



Mar. 16,1986 


Black Chaff Disease of Wheat 


403 


hours before being used. Examination of these leaves with the low 
power of a microscope showed masses of deeply stained material just 
beneath many of the stomata. When razor sections were cut from 
the infected areas and examinations made with* higher magnification, 
these masses were found to be bacteria. Some of the bacteria had 
evidently got through the stomata and multiplied in the substomatal 
cavities. Alanv bacteria were found on the surface of the epidermis 
of the sprayed leaves, but there was no sign of entrance and multipli¬ 
cation except beneath the stomata. However, where punctures had 
been made masses of bacteria were found around the margin of the 
punctures, showing that they may also attack the host tissues in 
places where the epidermis is broken. 

In order to find out what part of the tissues was attacked older 
lesions were embedded in paraffin and sectioned. The sections were 
stained with thionine and orange G. In these lesions the bacteria 
were both intercellular and intracellular. There were masses of 
bacteria in many of the parenchyma cells, but the vessels appeared to 
be free from invasion. In the infected areas the intercellular spaces 
were filled with bacteria and part of the cells were crowded out of 
shape. Some of the cell walls were completely broken down and the 
cell contents replaced with masses of bacteria, but bacteria were 
observed also in certain other cells the walls of which apparently were 
not greatly injured. 

SYMPTOMS OF THE DISEASE 

The most conspicuous signs of the disease appear on the glumes and 
awns, but Smith (19) has already given a good description of this 
phase of the disease. However, his description of the lesions on the 
leaves, culms, and rachises was too brief and indefinite to be of much 
use in recognizing the disease. Therefore, the symptoms on these 
parts are given. 

LEAVES 

The first evidence of the disease on the leaves is very small, water- 
soaked, dark-green spots which may be on the midrib or on any part 
of the leaf blade. On plants that have been artificially inoculated 
by forcing the inoculum into the leaf roll with a hypodermic needle, 
the infection usually appears first at the margins of the punctures 
made by the needle. On plants that have been inoculated by spray¬ 
ing inoculum on the leaves or by rubbing it on with the fingers and 
keeping the plants in moist chambers for 24 hours, the infection spots 
result from stomatal infections. Thefee infection spots enlarge with 
the progress of the pathogen through the host tissues, mostly longi¬ 
tudinally, thus giving the older lesions an irregularly streaked appear¬ 
ance. The leaf veins usually check partially or entirely the lateral 
advance of the pathogen. The lesions may be limited by two ad¬ 
jacent leaf veins or they may involve the entire width of the leaf, in 
which cases those parts of the leaf beyond the infected areas soon 
wilt and die. The infection may progress only a millimeter or two 
lengthwise of the leaf, or it may extend out to the tip of the leaf or 
down to the ligule and even down the leaf sheath. The infected 
tissues gradually lose their water-soaked dark-green color and become 
more transparent and chlorotic. Older lesions often become dark 
yellow or brown and may be streaked with black. Entire lesions 
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sometimes become black. Under moist conditions exudate appears 
on the fresh lesions and may dry down into a thin scale or into small 
hard yellowish beads. 

CULMS AND RACHISES 

Light brown to black sunken streaks appear on the raehises and 
on the necks of the culms for some distance below the spikes. These 
may be narrow and scattered around the culm or the^ may^ coalesce 
and darken the whole circumference of the stem. Similar lesions may 
appear just below the nodes, especially the lower nodes, of the culms. 
These infected areas near the nodes appear as discolored bands and 
may be either entire or made up of many narrow streak lesions. 

Apparently the appearance of the disease may vary on different 
varieties of wheat. Some varieties, especially Hope and H-44, are 
frequently attacked at or near the lower nodes of the culms without 
showing the disease on the heads and necks. In other cases, infection 
on these varieties may be general throughout the length of the culm. 
Other varieties are infected much more commonly on the necks and 
floral parts without any nodal infection. ^ 

GREENHOUSE AND LABORATORY EXPERIMENTS 

INFLUENCE OF ENVIRONMENT ON DEVELOPMENT OF THE ORGANISM IN CULTURE 

Temperature 

As a preliminary step to the determination of the temperature at 
which the black chaff organism was most virulent, it was thought 
desirable to find the cardinal temperatures for its growth on culture 
media. Petri dishes 100 mm in diameter, containing 20 cc of agar, 
were inoculated in the center from a fresh transfer of culture M. 
Care was taken to get as nearly as possible the same amount of inocu¬ 
lum on each agar plate. Ten plates were then put at each of several 
temperatures from 0° to 40° C. The relative growths at the different 
temperatures were measured by taking the mean diameters of the 
colonies on three different dates. A few contaminated plates were 
discarded, but in no case were there fewer than eight colonies for 
measurement at any temperature. The experiment was repeated 
within a few days, and the average diameters of the colonies grown 
at the different temperatures are given in table 1. 


Table 1 . —Effect of temperature on growth of Bacterium translucens var . undulosum 

on potaio-dexirose agar 


Temperature 

(*c.) 

Col- 

Average diameter of 
colonies in— 

Temperature 

(°C.) 

Col- 

Average diameter of 
colonies m— 


2 days 

4 dajs 

7 days 

onies 

2 days 

4 days 

7 days 


Number 

Mm 

Mm 

Mm 


Number 

Mm 

Mm 

Mm 

0. 

10 

0.00 

0.00 

0.00 

25. 

17 

1 80 

4.74 

7.65 

10.. 

IK 

.00 

.10 

.44 

30. 

19 

2.19 

5.65 

8.74 

15. 

17 

.00 

.63 

1.62 

35. 

18 

.48 

1.02 

.98 

20. 

18 

|_ 

.67 

3.39 

6.03 

40. 

20 

0) 

0) 



» Very slight growth on only 3 plates. 


From the results given in table 1 it is evident that Bacterium 
translucens var. undulosum grows best in culture at a hi gh temper- 
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ature, probably slightly below 30° C., and also that it grows rapidly 
at temperatures ranging from 20° to 30°. The minimum temperature 
at which it will grow is somewhat less than 10° and the maximum 
approximately 40°. 

Very small colonies appeared on some of the plates kept at 40° C. 
and remained for a few days, but by the seventh day the agar in the 
dishes had dried out so much at this high temperature that the colonies 
also had almost entirely dried up. 

Humidity 

The fact that black chaff is more prevalent and that the pathogen 
progresses through the tissues of the host more rapidly in wet weather 
than in dry suggested the possibility that humidity might be one of 
the controlling factors in the development of the disease. Experiments 
were made to determine the effect of different degrees of relative 
humidity of the surrounding atmosphere on the growth of the organ¬ 
ism on culture media. Fresh agar slants were inoculated by touching 
the end of a flamed needle to a 48-hour-old colony of W-2 and then 
touching the adhering bacteria to the agar. Five tubes were kept 
at each of several constant relative humidities between 10 and 100 
percent. The constant humidities were maintained by the use of 
aqueous solutions of sulphuric acid of known specific gravity. The 
different concentrations of acid for the maintenance of relative 
humidity of different percentages were made up according to the 
table given by Stevens (21). Seventy-five cubic centimeters of ouch 
concentration of acid were put in the bottom of rectangular glass 
dishes, approximately 9 by 19 cm and 6 cm deep. The inoculated 
test tubes were then put in the dishes above the acid; glass slides on 
Syracuse dishes were used to keep the tubes out of the acid. The 
loose cotton plugs were removed from three of the five tubes before 
the covers were sealed on the dishes with vaseline. The cultures 
were grown at laboratory temperature (approximately 21° to 25° C.). 
The writer realizes that the bacteria themselves were not exposed to 
the relative humidity maintained in the surrounding atmosphere 
and that the effects on growth may have been a function of the rate 
of drying. Since there was no noticeable difference in rate of growth 
between the colonies in the tubes with and without the loose cotton 
plugs, no differentiation is made in table 2. 

Table 2. —Effect of humidity on the growth of Bacterium translucens var. undulosurn 

in culture 


Relative 

humidity 

(percent) 

Relative growth i 
at— 

Relative 

humidity 

(percent) 

Relative growth 1 

Relative 

humidity 

(percent) 

Relative growth 1 
at— 

Labo¬ 

ratory 

tem¬ 

pera¬ 

ture* 

22° C. 

27° O. 

Labo¬ 
ratory 
tem¬ 
pera¬ 
ture * 

22° C. 

27° C. 

Labo¬ 

ratory 

tem¬ 

pera¬ 

ture* 

22° C 

r 

100 . 

5 



60. 

5 

4 

5 

30. 

2 

0 

c 

90... 

5 



60. 

4 

3 

4 

20. 


0 

t 

HO. 

5 



40. 


2 

4 

10. 

1 

0 

l 

70. 

5 


. 










1 The numbers 0 to 5 designate the relative amounts of bacterial growth at the different percentages of 
relative humidity. 

1 Approximately 21° to 25° O. 
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Since there were no differences in rate of growth on the medium at 
relative humidities of GO percent or above and no cultures were held 
at the humidities of 40 and 20 percent, the experiment was repeated 
with humidities of 60, 50, 40, 30, 20, and 10 percent and constant 
temperatures of 22° and 27° C. Eight cultures were used in each 
dish in these trials, and the cotton plugs were removed from all after 
they had been placed in the dishes. Table 2 shows the relative 
amounts of growth on the agar slants at these temperatures and 
relative humidity percentages after 10 days. 

It is evident from these results that a high relative humidity of 
the air surrounding the colonies is conducive to the most rapid growth 
of the black chaff organism on culture media. It is also evident that 
very low relative humidities may greatly retard or prohibit the 
development of colonies. 

INFLUENCE OF TEMPERATURE ON INCUBATION PERIOD 

The time required for the appearance of the first signs of black 
chaff after inoculation varied with the conditions under whicli*the 
plants were kept. The usual incubation period for the disease on 
wheat seedlings was from 5 to 8 days when the temperature of the 

f reenhouse was normal (about 18° to 22° C.) and the plants were 
ept in moist chambers for 48 hours after inoculation, but under 
optimum conditions for the development of the bacteria the incuba¬ 
tion period was shortened. On at least two different occasions, when 
the temperature of the greenhouse was much higher during the day, 
well-defined lesions were present when the plants were removed from 
the moist chambers 48 hours after inoculation. When the plants 
were kept in a controlled-temperature room at 10°, the earliest signs 
of infection appeared 8 days after inoculation, and the average 
incubation period was from 15 to 20 days. At a controlled tempera¬ 
ture of 20°, the earliest signs of infection appeared in 2 days after 
inoculation, and the average incubation period was from 5 to 7 days. 

INFLUENCE OF ENVIRONMENT ON ADVANCE OF THE PATHOGEN AND 
ON SYMPTOMS 

The length of the period of incubation is not the only phase in the 
development of the disease which is affected by environment. The 
rate of advance of the pathogen through the host tissues, the total 
amount of the host tissue finally affected, and the appearance of the 
older lesions are also affected by the conditions under which the plants 
are grown. 

Temperature 

Aperies of experiments were made in which the plants were placed 
at different temperatures and different light intensities immediately 
after inoculation. Hope and Kanrcd plants were used in the experi¬ 
ments, but, since there were no appreciable differences between these 
varieties in percentage of plants infected or in size and appearance 
of the lesions, the varieties are discussed as one. The conditions 
under which the plants were tested after the inoculation were as 
follows: (1) One series of the plants was kept in a controlled-tempera- 
ture room at 10° C. and lighted by a single 1,000-watt lamp placed 
6 to 8 feet away from the plants; (2) another series was kept at a 
controlled temperature of 20° and lighted by a single 1,000-watt 



Mar. 16,1986 


Black Chaff Disease of Wheat 


407 


lamp placed 8 to 10 feet from the plants; (3) the remainder of the 
plants, immediately after inoculation, were moved to a greenhouse 
bench where they received all the available sunlight and where the 
temperature varied from approximately 20° to 30°. The amount 
of infection obtained in the several trials under the three sets of 
conditions is summarized in table 3. 

Table 3 —Effect of temperature and light during incubation period on infection 
of wheat by Bacterium translucem var. undulosum 


Environmental conditions 

i 

Plants 

1 inocu- 

Plants 

infected 

Length of 
lesions on 
seedling 
plants 

Notes on adult plants 

Place 

Tem¬ 

per¬ 

ature 

Lighting 

lated 

Aver¬ 

age 

Maxi¬ 

mum 


° C. 


Num¬ 

ber 

Num¬ 

ber 

Per¬ 

cent 

Mm 

Mm 



10 

1,000-watt lamp at 
distance of 6 to 8 

235 

176 

74.8 

1-2 

4-5 

Lesions showed no black 
striping and no dark¬ 

Control cham¬ 
bers. 

20 

ft. 

1,000-watt lamp at 
distance of 8 to 10 
ft. 

214 

187 

87.3 

i 10-15 

1 

20-30 

ening. 

One plant showed slight 
pigmentation of le¬ 
sions on 2 or 3 glumes 
after 30 days. 

(Iroenhouse 

20-30 

All available sun¬ 
light. 

324 

204 

81 4 


(*> 

Lesions showed typical 
dark-brown or black 
striping within 14 to 
21 days. 


i Long wator-soaked infected areas in 30 days. 

* Some lesions extended entire length of leaves. 


From the results obtained from these experiments the writer 
concluded the temperature at which the plants are grown is not one 
of the most important factors determining the percentage of plants 
that become infected. It can be readily seen from table 3 that there 
arc no striking differences in the relative number of plants infected 
at 10° or 20° C. or at higher temperatures in the greenhouse. How- 
ever, the size of the lesions or the amount of host tissue attacked by 
the pathogen within a given time was influenced by temperature. 
At 10° the infected areas on seedling plants were very small even 
after 30 days; the average lesions were only 1 to 2 mm long, and the 
longest only 4 to 5 mm. At 20°, on plants of the same age, there were 
long water-soaked infected areas in 30 days, the lesions averaging 
10 to 15 mm in length, with some as long as 20 to 30 mm. In the 
greenhouse some ot the lesions on the plants extended the entire 
length of the leaves. 

Light 

Light intensity plays a role in deter minin g the appearance of the 
older lesions on diseased plants. Lesions on adult plants kept in 
the controlled-temperature chambers at 10° and 20 C. under artificial 
illumination did not show the black striping typical of the lesions on 
plants approaching maturity in the field. One plant out of more than 
100 that had been kept in the 20° room for 30 days showed a slight 
pigmentation of the lesions on two or three glumes. At 10 there 
was no darkening of the lesions on any of the plants. Almost all the 
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lesions on adult plants kept on the greenhouse bench after inoculation 
showed the typical dark-brown or black striping within 14 to 21 
days. 

VIABILITY OP THE BACTERIA UNDER ADVERSE CONDITIONS 

Although Smith and his associates (20) suggested that one source 
of inoculum for spring infection might be bacteria found in the refuse 
und stubble left on infected fields, they presented no evidence that 
the bacteria could withstand the adverse conditions to which they 
would be subjected under natural conditions out of doors during the 
winter and early spring before host plants were available for attack. 
In order to find out whether the black chaff organism could survive 
the adversities of winter, the writer made some experiments during 
the winter and spring of 1932-33. 

Forty-eight-hour-old colonies of culture W-2 on agar slants were 

f >ut outside on the ground in an exposed place on December 15. Trans- 
ers to fresh agar slants were made from these colonies on December 
30. In e\ery caso vigorous growth, which appeared to be the same 
as the original culture, appeared on the fresh agar slants. E&ter 
pathogenicity tests proved that the new growth was Bacterium 
translucens var. undulosurn. During the time the cultures were 
exposed the temperature ranged from —27.8° to 11° C., showing 
that freezing temperatures do not quickly kill the bacteria, at least 
when on artificial media. Other cultures on agar were put under 
similar conditions December 15, 1932, and transfers were made at 
intervals up to April 18, 1933. Transfers made on that date, 124 
days after exposure, grew vigorously. 

In order to find out whether the bacteria could withstand adverse 
conditions approximating those to which they are subjected in wheat 
fields during the winter, the following experiment was made. Bac¬ 
terial growth from 48-hour-old cultures of W-2 was transferred to a 
number of small Erlenmeyer flasks half filled with steamed soil, the 
steaming having been done in the autoclave at 15 pounds pressure 
for 1 hour after the soil had been put into the flasks. Some of the 
flasks contained dry soil and some wet. The soil inoculations were 
made by placing one loop of the bacterial growth into each flask with 
a flamed needle and shaking the flask until the bacteria were thorough¬ 
ly mixed through the soil. Some of these flasks were put outside and 
exposed to cold and changing temperatures on December 15, and 
some w r ere kept in the laboratory. At irregular intervals, beginning 
2 days after inoculation, one flask each of the wet and of the ary soil 
was brought into the laboratory and transfers were made from them 
to agar slants. Transfers were also made from the flasks kept in 
the laboratory, by removing with a flamed needle one or two loops 
of the soil from each flask to the agar. Table 4 gives the results of 
the transfers after different lengths of exposure and shows definitely 
that Bacterium translucens var. undulosurn may remain viable through 
a long period of continued exposure to low temperatures and to al¬ 
ternate freezing and thawing, conditions so detrimental to many 
micro-organisms. During the 124 days the cultures were left outside, 
the temperature ranged from —33.3° to 20° C. 

Other soil cultures of the organism were put in a controlled-tem- 
perature room at —12° C. on January 31, 1933, and transfers were 
made from these at intervals until April 18. Vigorous growth was 
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obtained from these transfers on every date they were made. Dur¬ 
ing the same period other soil cultures were kept in the laboratory, 
where the relative humidity was very low. Since the flasks were 
covered only with cotton plugs, the soil became very dry. However, 
bacteria remained viable in the dry soil throughout the 77-day 
period. 


Table 4.— Viability of Bacterium translucent var. undulosum in soil cultures 
after exposure to normal temperatures 1 out of doors between Dec. 15, 1988, and 
Apr. 18,1988, at St. Paul, Minn., as determined by transfers to agar slants 2 


Date of transfer In 

Days 

Condition of soil 

Date of transfer to 

Days 

e\I>osed 

Condition of soil 

agar slant 

exposed 

Moist 

Dry 

agar slant 

Moist 

Dry 

1932 

Dec. 17_ . . 

2 

-f 


1933 

Jan. 6 

SIS? 

-f 

+ 

Dec. 20__ 

5 

+ 

+ 

Feb.6 . 

+ 

-f 

Dec. 30. 

lf> 

— 


Mar. 21. 

96 

+ 

4- 





Apr. 18. 

124 

+ 

+ 


* Hanging from —33.3° to 20° C. 

> Plus and minus signs denote whether or not transfers from soil cultures to agar slants grew. 


These results indicate that Bacterium translucens var. undulosum is 
able to withstand adverse environmental conditions for considerable 
periods of time. 

FIELD OBSERVATIONS AND EXPERIMENTS 

OCCURRENCE OF THE DISEASE IN RELATION TO AGE OF HOST 

Black chaff of wheat does not ordinarily appear in Minnesota until 
the plants are headed out. The progress of the disease was carefully 
observed in experimental plots at University Farm during 1930, 1931, 
and 1932. In an extensive field trial at Abilene, Kans., in 1919 
Braun (8) observed as high as 10.5 percent seedling infection in a 
field of Kanred wheat that had been sown with seed from a field 
heavily infected with black chaff the year before. The writer has 
been unable to find any evidence of infection on wheat plants before 
they had reached the booting stage, except on plants that had been 
inoculated experimentally. Seed saved from plants heavily infected 
with black chaff in 1930 and 1931, was sown the following years (1931 
and 1932) in plots parallel with plots sown to seed from uninfected 
plants. Thousands of plants were examined, but no seedling infec¬ 
tion was found in these plots either in 1931 or in 1932. Later in the 
season, after the plants had headed, some black chaff developed, but 
there was no noticeable difference in the amount of infection in the 
plots from infected and noninfected seed. During the winters of 
1931-32 and 1932-33 seed saved from infected plants and seed 
im>culated with cultures of the black chaff organism were planted in 
pots in the greenhouse. These pots were kept in moist chambers 
until (the plants were 3 or 4 inches high, but no signs of black chaff 
infection appeared. 

ENVIRONMENTAL INFLUENCE ON EPIDEMIOLOGY OF THE DISEASE 

Continued periods of wet weather favor the development of an 
epidemic of black chaff. Salmon and Throckmorton (18) reported 
that the disease is often prevalent in Kansas in wet seasons. John- 
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ston • also reported that wet weather favored the disease. These 
reports are in agreement with observations made by the writer, 
particularly when the relative humidity is taken into consideration. 
In 1928 and 1929, particularly in 1928, there were fairly severe 
epidemics of the disease at University Farm, while during the sea¬ 
sons 1930, 1931, and 1932 there were unusually light infections. 
Since black chaff does not usually appear there until wheat is ap¬ 
proaching maturity, only the weather conditions existing during June 
and July will be discussed in relation to the development of the 
disease. During these 2 months in 1930, 1931, and 1932 the weather 
was extremely hot and dry, while in 1928 and 1929 it more nearly 
approached normal. In each of the 3 years in which there was light 
infection the total precipitation was less and the mean monthly tem¬ 
perature was higher for June and July than in the 2 years when black 
chaff infection was heavy. The relative humidity throughout the 
maturative period probably had a greater influence on the develop¬ 
ment of an epidemic of black chaff than the total precipitation and 
mean temperature. ** 

Table 5. —Mean relative humidities (separately and combined) for June and July, 
1928 to 1932 , inclusive , at St. Paul, Minn . 


Mean relative humidity 


Year 

June 

July 

Seasonal average 

7 a. m. 

Noon 

7 p. m. 

Aver¬ 

age 

7 a. m. 

Noon 

7 p. m. 

Aver¬ 

age 

7 a. m. 

Noon 

7 p. m. 

Aver¬ 

age 


Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

1928 .. 

7.5.0 

60.0 

52.0 

62.3 

81.9 

60.2 

54.5 

65.5 

78.5 

60.1 

52.3 

63.6 

1929_ 

81.0 

60.6 

47.6 

63.1 

76.2 

58.0 

49. 1 

61.1 

78.6 

59.3 

48.4 

62.1 

1930 _ 

75.9 

52.4 

51.9 

60.1 

76.0 

46.2 

48.0 

56.7 

76.0 

49.3 

60.0 

58.4 

1931. 

77.6 

53.0 

53.7 

61.4 

68.3 

39.1 

37.9 

48.4 

73.0 

46.1 

45.8 

55.0 

1932 . 

70.0 

50.0 

48.2 

66.1 

75.4 

49.2 

44.7 

56.4 

72.7 

49. 6 

52.3 

58.2 


Table 5 gives the percentage of the mean relative humidity at 
three different hours of the day for June and July from 1928 to 1932. 
Apparently there is an association of high average relative humidity 
with heavy black chaff infection. This association is more evident 
if only the 2 years 1928 and 1931 are compared. The records show 
that at University Farm the heaviest infections in the 5-year period 
were in 1928 and the lightest in 1931. During June there was only a 
slight difference in the average relative humidity in the 2 years, but 
in July there were differences of 13.6, 21.1, ana 16.6 percent in the 
7 a. m., 12 m., and 7 p. m. readings, respectively. The close associa¬ 
tion between high relative humidity and heavy infection and lower 
relative humidity and less infection indicates that the existing rela¬ 
tive humidity does determine to some extent the amount of the 
disease that may develop in a given season. 

GRAINS AND GRASSES AS HOSTS 

Jones, Johnson, and Reddy (IS) state that the organism causing 
bacterial blight of wheat was pathogenic on wheat,Parley (Hordeum 
vulgare L.), rye (Secale cereale L.), and spelt (Triticum spelia L.). 


• Johnston/ 0.0. See footnote 8. 
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No wider host range has since been reported, as far as can be ascer¬ 
tained, except that given earlier by the writer ( 1 ). 

The writer has also obtained typical infection on einkorn (Triticum 
monococcum L.) in the field by hypodermic inoculation and on Victory 
oats (Avena sativa L.), both in the greenhouse on seedlings and in the 
field on adult plants. A number of other varieties of oats wore 
inoculated in the field^ but typical translucent striations developed 
only on Victory and Kanota. Some of the other varieties appeared 
to be infected soon after inoculation, but as the plants grew olaer the 
lesions became less distinct. Other workers have inoculated oats 
with Bacterium translucens var. undulosvm but obtained no infection 
(13). Their failure to get infection might have been duo to the fact 
that either the varieties of oats they used were resistant to Bad . 
translucens var. undulosum or the strain of the organism used as 
inoculum was not pathogenic on oats. 

Wild grasses may also becomo infected with Bacterium translucens 
var. undulosum . The following species of grasses were hypodermi¬ 
cally Inoculated with culture M: Bromus inermis Leyss., B. tedorum 
L., Ilordeum jubatum L., Setaria lutescens (Weigel) F. T. Hubb., 
Agropyron repens (L.) Beauv., Dadylis glomerata L., Alopecurus 
geniculatus L., and Phalaris arundinacea L. On B. inermis and H . 
jubatum irregular water-soaked striations appeared in 8 to 12 days. 
These became darker after a few days and were very similar to the 
lesions on the. leaves of wheat. The other grasses did not become 
infected or, if infected, the lesions were not typical for black chaff on 
wheat. 

VARIETAL SUSCEPTIBILITY IN WHEAT 

. All varieties of wheat are apparently more or less susceptible to the 
disease. At least a trace of infection can be found on field plots of 
most varieties of wheat in years in which there is an abundance of 
black chaff. Every variety tested by experimental inoculations has 
been susceptible to some degree. Goulden and Neatby (7) found in 
1928 that practically every variety and strain in the nursery , at 
Winnipeg, Canada, was attacked m some degree. At University 
Farm (Minnesota), the relative susceptibility of some of the more 
common varieties grown in the field and naturally inoculated was 
as follows: Hope, H-44, and Kota, very susceptible; Marquillo 
and Ceres, moderately susceptible.; Marquis, Mindum, and Ku¬ 
banka, resistant. Unaer other environmental conditions this com¬ 
parative classification might not hold. Burton (4, lifpt. 1931) 
reported that in a comparative yield test of wheat varieties carried 
out in 1931 at the Njaro Plant Breeding Station, Kenya, all the 
plants of every variety used were destroyed by black chaff, the grain 
being so shriveled that it could not. be threshed. This report tends 
to bear out the conclusion of the writer that resistance to the disease 
is only relative. # . 

Fifty varieties and hybrid selections were hypodermically inoculated 
in the booting stage with four different cultures of pathogenic bac¬ 
teria. The differences noted in the virulence of the different strains 
of the bacteria on the varieties of wheat are indicated in the following 
way: 0 represents absence of the disease, and 1 to 4 represent the 
relative degrees of infection in any particular plot, as compared 
with that in other plots. Table 6 gives the comparative reaction of 
20 of the varieties to the four pathogens. 



412 


Journal oj Agricultural Research 


Vol. 52, no. 6 


Table 6. —Susceptibility of varieties of wheat to three cultures ( W-l t W—2 % and 
M-l) of Bacterium translucens var. undulosum from wheat and to one culture 
( B-l ) from barley 


Variety or 
nursery no. 

Minn. 

no. 

C. I.i 
no. 

Relative suscepti¬ 
bility * to— 

Variety or 
nursery no. 

Minn. 

no. 

C. I.i 
no. 

Relative suscepti¬ 
bility * to— 

W-l 

W-2 

M-l 

B-l 

W-l 

W-2 

M-l 

B-l 

Martinis. 

1239 

3641 

3 

3 

2 

3 

Mintlum. 

470 

6296 

3 

2 

3 

2 

Marquillo 

2202 

6887 

2 

1 

1 

2 

Kubanka. 

2310 

1440 

3 

3 

1 

3 

Ceres 

2223 

6900 

3 

3 

1 

3 

Minor. 

2612 


3 

4 

3 


Kota 

2151 

6878 

3 

3 

3 

3 

Komar. 

2244 

8004 

2 

3 

4 

1 

IToi>e..- . 

2297 

8178 

3 

3 

1 

3 

11-21-7. 

2302 

10002 

3 

3 

1 

3 

H-44 _ 

2301 

8177 

3 

2 

2 

2 

11-21-28. 

2303 

10003 

2 

3 

0 

3 

Reward 

2204 

8182 

2 

2 

1 

2 

11-21-48. 

2315 

10020 

3 

3 

1 

2 

Reliance. 

2308 

7370 

4 

4 

1 

3 

11-21-84_ 

2*316 

10021 

4 

2 

1 

3 

Supreme. 

2309 

8026 

3 

3 

2 

2 

11-21-86. 

2607 

i 11485 

3 

2 

3 

2 

Hay neb Blue 







11-21 94. 

2340 

j 11487 

8 

2 

1 

3 

stem. 

109 

2874 

3 

3 

2 

3 









1 Accession number of the Division of Cereal Crops and Diseases, formerly Oflice of Cereal Investigations* 
* The numbers 0 to 4 designate the relative susceptibility of the varieties, 0 indicating absence of the 
disease and 4 the presence of large infected areas. ^ 


Those results indicate that certain varieties may be rather resistant 
to some strains of the black chaff organism but quite susceptible to 
others. They also show that varieties like Marquis, Mintlum, and 
Kubanka, which appear resistant in the field, may become rather 
heavily infected when hypodermically inoculated. The exact cause 
of the change in reaction to the pathogen in certain varieties is not 
known, but there is at least one possible explanation. Resistance to 
black chair under natural conditions may be morphological or func¬ 
tional, as it apparently is in some cases of resistance of wheats to stem 
rust (.9), and this resistance maybe broken down when hypodermic 
inoculations are made. 

COMPARISON OF PATHOGENICITY OF BACTERIUM TRANSLUCENS 

VAR. UNDULOSUM WITH THAT OF ISOLATIONS FROM NATU¬ 
RALLY INFECTED BARLEY AND RYE 

In 1931 a number of varieties and selfed lines of rye at University 
Farm were heavily infected with a bacterial disease with symptoms 
closely resembling those described by Reddy, Godkin, and Johnson 
(17) for bacterial blight of rye (Bacterium translucens var. secalis). 
In the same year Manchuria barley was also found to be infected with 
a bacterial disease similar to that described by Jones, Johnson, and 
Reddy (14) as bacterial blight (Bad, translucens). Repeated isola¬ 
tions from the infected rye and barley gave yellow, slime-producing 
bacteria agreeing with the description of Bad . translucens. Marquis 
and Marquillo wheat inoculated with the cultures isolated from barley 
readily became infected. The type of lesion produced on these hosts 
was indistinguishable from that produced by the wheat organism. 
Hope wheat inoculated with cultures isolated from the infected rye 
was as severely attacked as when inoculated with Bad. translucens 
var. undulosum. 

In 1932 small focal infections appeared on the first or second leaves 
of seedlings of several varieties and hybrid selections of barley. 
Cultures of bacteria isolated from these lesions were used to inoculate 
wheat and barley, and the same varieties were inoculated with 
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Bacterium translucens var. undulosum from wheat. In these tests 
the organism from barley was more virulent on barley than on wheat, 
and the organism from wheat was more virulent on wheat than on 
barley. However, from the results reported in table 6, in which the 
pathogenicity of one of the cultures (B-l) of the organism from 
barley was compared with that of cultures W-l, W-2, and M-l of 
Bad . translucens var. undulosum from wheat on 20 varieties of wheat, 
it seems that the organism from barley is about as virulent on wheat 
as cultures W-l and W-2 from wheat, and in most cases more virulent 
than culture M-l from wheat, at least when experimentally inocu¬ 
lated into these wheat varieties. 

DISCUSSION AND CONCLUSIONS 

Bacterium translucens var. undulosum apparently is a group name 
including a number of strains of bacteria pathogenic to wheat. These 
strains may differ from each other in one or more of the following 
characters: (1) Color of colonies, (2) amount and fluidity of slime pro¬ 
duced, (3) action on sugars, and (4) pathogenicity. Even among the 
limited number of isolates with which the writer worked, considerable 
differences were found with respoct to the first three characters listed. 
These differences appeared to be as great as or greater than the 
differences heretofore used to distinguish the three similar organisms, 
Bad. translucens , Bad . translucens var. undulosum , and Bad. trans¬ 
lucens var. secalis. If there are variations within a single so-called 
variety as great as or greater than the differences used to distinguish 
the variety from other varieties, it would appear that the validity of 
this variety is questionable. Since such variations in cultural re¬ 
actions do occur, the only basis left for distinguishing the variety is 
difference in pathogenicity. The question might well be raised as to 
how great these differences actually are. 

Reddy, Godkin, and Johnson (17) summarized the pathogenic 
capabilities of the three organisms as follows: 

Bacterium translucens infects only barley. 

Bad. translucens var. undulosum infects wheat, barley, rye,~andjspelt. 

Bad. translucens var. secalis infects only rye. 

However, the writer found that isolates from barley and rye 
readily infected wheat and that the cultures of Bacterium translucens 
var. undulosum infected varieties of wheat, barley, rye, oats, and 
certain wild grasses. If it is assumed that tho cultures obtained 
from barley and rye were Batt. translucens and Bad. translucens 
var. secalis , respectively, then no sharg difference in pathogenicity 
of the organisms exists. The objection may be raised, however, 
that the infection found on barley and rye could have been caused 
by Bad. translucens var. undulosum ) and it would have been expected 
that the isolates would infect wheat. Since pathogenicity is appar¬ 
ently the only valid criterion for distinguishing the three organisms, 
it is impossible to prove that the isolates were not the wheat organism. 
On the other hand, if these did belong to the variety unavlosum 
wide variations evidently exist within this variety. A large number 
of varieties of barley and rye were infected in the plots from which 
the isolates were obtained. If the variety undulosum can be found 
so frequently on barley and rye, then it would be difficult to deter¬ 
mine, without making extensive cross-inoculation tests, which 

58194—36-2 
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organism is involved when infection is found on these hosts. But 
this is evidently very impracticable, and, since a number of different 
pathogenic strains ao exist in the variety undulosum and probably 
in the other varieties of the organism too, the most logical solution 
to the problem of the identity of the organisms causing bacterial 
blight of barley and rye and black chaff of wheat would seem to 
the writer to be to include all the strains under a single name. He 
does not believe that the differences in cultural characters are great 
enough or consistent enough to be used as a basis for separation, nor 
that the pathogenic capabilities are specific enough to warrant the 
separation of the group into three different varieties. 

The inconsistency of the present nomenclature of this group of 
pathogens is evident to anyone who has worked with them. Obvi¬ 
ously, Bacterium translucent should be given a varietal name if it 
is to bo used, as it is now, to designate a variety comparable with 
the varieties undulosum and secalis. But within Bad . translucens 
var. undulosum there are evidently pathogenic strains capable of 
infecting a greater or less number of varieties of wheat, barley^rye, 
oats, and wild grasses A similar condition may be found among 
the strains that make up the varieties that are supposed to be 
restricted to barley and rye. More work must be done to deter¬ 
mine the extent of specialization within the entire group. It seems 
to the writer that it would be best to use the namje Bad . translucens 
for all the strains, recognizing that it is a group species comprising 
a number of pathogenic strains more or less specialized as to host 
range. Whether the strains could properly be grouped into varieties 
seems questionable at present. 

The symptoms of black chaff have been shown to vary with dif¬ 
ferent varieties and different environmental conditions. Although 
the disease is usually characterized by the dark striate or streak 
lesions on the glumes, awns, and upper parts of the culms, it may 
attack all parts of the plants. Goulden and Neatby (7) called 
attention to two different types of bacterial disease on different 
varieties in the wheat nursery at Winnipeg, Canada, in 1928, and 
suggested that there was a possibility of two organisms being responsi¬ 
ble. In 1931, the writer examined a number of specimens of Mar- 
quillo and Ceres w r heat collected at Hallock, Minn. These were 
infected with a bacterial disease, the appearance of which was not 
typical of that usually associated with black chaff. The infected 
areas w r ere somewdiat oily in appearance, making the surfaces seem 
glossy or^ polished. Black chaff lesions are usually dull brown or 
black. . There are several possible explanations of the differences 
noted in the appearance of the disease: (1) Different strains of 
Bacterium translucens var. undulosum may be responsible; (2) bac¬ 
teria of entirely different species may cause a similar disease; or 
(3) variations in environment may cause different symptoms on 
different hosts. Much more extensive work must be done before 
the exact cause or causes of the differences in symptoms can be given. 

Just how and w r here the black chaff organism overwinters have not 
been definitely shown. Seed transmission evidently plays a part in 
the dissemination of the disease in the soft red winter wheat area. 
From the results of experiments the writer concludes that the patho¬ 
gen may overwinter in Minnesota in the soil or on diseased stubble 
and refuse. Since the organism withstood long periods of subfreezing 
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temperatures and also remained viable after being subjected to tem¬ 
peratures as low as —33.3° C., it seems unlikely that low tempera¬ 
tures would prevent its overwintering in wheat fields in this area. 
Also, since the changing temperature and alternate freezing and thaw¬ 
ing during the winter and spring did not destroy the viability of the 
organism in soil cultures, these conditions are probably not lethal to 
the organism in the field. Therefore, it seems very probable that 
Bacterium translucens var. undulosum does withstand the adversities 
of winter in wheat fields and is present to infect grain the following 
year. Seed transmission evidently plays a smaller part in carrying 
the disease over from one year to the next in the hard red spring wheat 
area than in some other regions, so the presence of overwintered bac¬ 
teria in the soil may be one of the major factors in the incidence of the 
disease. 

Environment limits to a great extent the development of the organ¬ 
ism and the occurrence of the disease. In general, the same conditions 
favor both the growth of the organism and the development of 
epidemics. The best growth of the organism in culture occurs at 
relatively high temperatures and high relative humidities, and the 
most severe epidemics of the disease occur in w r arm, wet seasons. 
However, low relative humidity is probably more often a limiting 
factor in the development of the disease than is low temperature. 
Apparently, low^ temperatures merely retard the advance of the 
organism through the host tissues during cool weather without pre- 
\entmg its rapid development again as soon as the temperature rises. 
As a result the disease may advance rapidly if the days are warm, 
even though the nights are cool. On the other hand, the advance of 
the organism through the tissues already attacked may be checked 
for some time by the effect of low humidity drying out the lesions. 
The tissues of cereal plants are not bulky and are protected from 
desiccation only by the cuticle and the action of the guard cells in 
the closing of the stomata. In the infected areas the guard cells are 
inactivated by the attack of the pathogen and the tissues in the 
lesions are exposed to desiccation. Cells adjacent to those already 
parasitized probably are also dried out and killed, thus preventing 
further extension of the lesions even when more humid conditions 
exist later. Hence, it seems reasonable to conclude that short periods 
of low r relative humidity have a more lasting detrimental effect on the 
development of the disease than periods of low temperature. As a 
result, one might reason that seasons in which the temperature was 
comparatively low and the relative humidity high would be more 
favorable for the appearance of an epidemic of black chaff than sea¬ 
sons with high temperatures and low relative humidity. 

SUMMARY 

Black chaff of wheat, caused by Bacterium translucens var. undu¬ 
losum, appears to be very widely distributed. It occurs in the United 
States, Canada, and Mexico, in North America, and in Russia, France, 
and Belgium, in Europe. It also is found in Asia and Africa. 

All aboveground parts of susceptible plants may be attacked: 
Leaves, glumes, awns, rachises, and culms. Some varieties are often 
attacked at the lower nodes of the culms, while in others the infection 
is usually limited to the heads and the necks of the culms. 
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T he channels of entrance into the host are through the stomata and 
wounds, and the attacks are intercellular and intracellular. 

The optimum temperature for the growth of the organism m cul¬ 
ture is between 25° and 30° C., the maximum approximately 40°, 
and the minimum slightly below 10°. 

Low relative humidity of the surrounding atmosphere retarded the 
growth of the organisin'in culture. The retarding effect was notice¬ 
able at a relative humidity of 50 percent and was greater as the 
percentage was lowered. 

Temperature had a marked effect on the length of incubation period 
required. At 20° C. from 2 to 7 days w r ere necessary for incubation, 
while at 10° from 8 to 20 days w T ere required. 

Low temperatures also limited the size of the lesions caused by 
Bacterium translucent var. 'undulosum. In 30 days the organism caused 
only very small lesions, 1 to 5 mm in length, at 10° while at 20° it 
caused much larger lesions, i. e., 10 to 30 mm in length. 

The organism is resistant to extremely low temperatures, remaining 
viable outside in soil cultures for at least 124 days after Decemberlf>. 

The disease usually does not appear in Minnesota until wheat is 
headed out and approaching maturity. Seedling infection Jirarely 
occurs there. 

The host range of Bacterium translvcens var. undulosvm was found 
to include oats, einkorn, Ilordeum jubatvm , and Bromus inermis in 
addition to the previously described hosts wheat, barley, rye, and 
spelt. 

There is considerable variation in susceptibility of varieties of 
wheat to black clmff. Field observations over a number of years 
indicate that Hope, H 44, and Kota arc very susceptible; Marquillo 
and Ceres moderately susceptible: and Marquis, Mind urn, and 
Kubanka resistant. 

Strains of the organism exist which differ in cultural and physio¬ 
logical characters and in pathogenicity. 
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THREE BLUE-STAINING FUNGI, INCLUDING TWO NEW 
SPECIES, ASSOCIATED WITH BARK BEETLES 1 


By Caroline T. Rumbold 2 

Associate pathologist , Division of Forest Pathology , Bureau of Plant Industry , 
United States Department of Agriculture 9 

INTRODUCTION 

In a previous paper 4 the writer described the association of the 
blue-stain fungus, Ceratostomella pini Miinch, with the bark beetle, 
Dendrodonus Jrontalis Zimm., on the Atlantic coast and with D. 
brevicomis Lee. on the Pacific coast, as well as the association on the 
Atlantic coast of C. ips Rumbold with Ips calligmphus Germ., I. 
grandicollis Eiclili., I. avidsus Eichh., and I. pini Say. Since the 
publication of the description of C. ips, in 1931, collections have been 
made of the fungus in all the Gulf States except Texas, and in Ten¬ 
nessee, Ohio, Wisconsin, and Minnesota. In the East, C. ips has 
been isolated from Finns banksiana Lamb., P. caribaea Mor., and P. 
taeda L., in addition to many of the pines fisted in the previously 
mentioned paper. 11 has also been isolated from adult 1. calligraphys, 
I. grandicollis, and I. avulsus. The work here reported reveals the 
association in the West of C. ips with the bark beetles I. oregoni 
Eichh., 1. emarginatvs Lee., infesting P. ponderosa Dougl., and I. 
integer Eichh., infesting P. ponderosa and Larix occidentalis Nutt. 

Two species of Ceratostomella, hitherto not described, were found, 
one associated with the beetle Dendrodonus pseudotsugae Hopk., 
which kills Douglas fir and infests western larch, and the other with 
D. piceaperda Hopk., which infests spruce in eastern Canada. Further 
it was found that the insects carried with them, besides the blue-stain 
fungi, two types of yeast—Zygosaccfiaromycetes and an anascospo- 
rogenous mycelium-forming group. 6 

METHODS 

With one exception, the specimens described in this paper were 
collected by entomologists, who started the cultures of the fungi by 
dropping beetles cut out of the trees just as they were ready to 
emerge from their galleries or just after they had made successful at¬ 
tacks, into test tubes containing slanted malt agar. 6 The tubes were 
mailed to the laboratory, where the insects were removed. Fungi 

1 Received for publication Oct. 1, 1935; issued April 1936. The investigations on uhjcli this article 
was based were conducted cooperatively by the Division of Forest Insects, Bureau of Entomology and 
Plant Quarantine, and the Division of Forest Pathology, Bureau of Plant Industry, U. S. Department of 
Agriculture. 

•The writer wishes to express thanks to the members of the Division of Forest Insects, Bureau of En¬ 
tomology and Plant Quarantine, U. 8. Department of Agriculture, for their collaboration, and to it. K. 
Balch, Division of Forest Insects, Entomological Branch, Department of Agriculture, Canada, for his 

1 fn cooperation with the Forest Products Laboratory, Forest Service, U. S. Department of Agriculture. 

4 Rumbold, C. T. two blue-staining fungi associated with bark-beetle infestation of pines. 
Jour. Agr. Research 43:847-873, illus. 1931. , , w 

•A study of these oiganisms is being made by Eugene C. Holst, student assistant, Division of Forest 


• Rumbold, C. T. See footnote 4. 
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appearing regularly in the tubes were assumed to have started from 
spores on or in the bodies of the beetles. Cultures were also obtained 
in the laboratory by transferring frass, slivers of the gallery walls, or 
adjacent stained wood to malt agar. Cultures from the wood were 
compared with the cultures obtained from the beetles. A few larvae 
and eggs cut out of the galleries also were used. The entomologists 
examined the material to make sure that insects of other species than 
the one reported wore not present. 

Except when otherwise stated, the material used for description 
and measurement was taken from cultures grown on malt agar. The 
cultures were kept where the temperature ranged from 11° to 30° C. 
w T ith a usual temperature of 24°. 

CERATOSTOMELLA IPS 

The blue-stain fungus, Ceratostomella ips, has already been de¬ 
scribed, 7 but certain additional facts about the species in general arc 
given and certain necessary corrections are made in the present pap#r. 
For the western strains, listed in table 1, only the descriptions and 
measurements that differ from those of the eastern and Japanese 
strains are given. 


Table 1 . — Source of western strains of Cei atoslomella ips 


Dult* col¬ 
lected 

Locality 

Secies of 
tree 

Species of 
beetle 

July 11)30.. 

North port. Wash_ 

J’inus pon- 
dcroxa. 

]pn oregoni . 

September 

11)30. 

Klamath Fulls, Oieg. 

_do_ 

do 





Sisters, Oreg__ 

.do. 

I. integer _ 


....do .... _ 

....do_ 


1 

_do. 

Lam occi - 
denlahs. 

... do. 

June 1032 . 

....do. 

I‘i mis pon- 
derofta, 

1. imargi- 
7 mtU8. 


-do. 

.do. 

_do_ 


Coeur d’Alene, Idaho 

-do. 

1. oregoni ... 


Sisters, Oreg. 

.... do .. . 

J. integn _ 


...do. 

_ do_ 

_do_ 

June 1033_ 





...do. 

.. do. 

I. emargi- 
natus. 


^Coeur d’Alene, Idaho 

.do. 

/. ortgoni... 


Infestation 

period 

(days) 

1 

Remarks 

Unknown- 

Tree killed In recent fire. 
Blue-stained wood used as 
inocula. 

14_ 

Inocula were Interior blue- 
stained wood. 

2. 

Inocula were tissues from 
gallery wall and frass. 

21_ 

Inocula were tissues from 
gallery walls. 

21.. 

Green windfall. Inocula 
were tissues of entrance 
and gallery walls and in¬ 
terior stained wood. 

14 .. 

Standing tree with fading 
needles. Inocula were 
gallery walls. 

21. 

Cultures started from larval 
mines cut from green 
windfall. 

About b!).. 

InocuJa were emerging adult 
beetles cut from standing 
tree. 

About 24.. 

Inocula were adult beetles 
cut from a green windfall. 

21... 

Green windfall. Perithecia 
in the galleries. Gallery 
walls used as inocula. 

Unknown. 

Adult beetles cut from 
standing tree used as 
inocula. 

About 7... 

Do. 


THE FUNGUS IN IPS-INFESTED BARK AND WOOD 

The appearance of Ceratostomella ii>s in infested bark and wood 
in the West is typical of that found in the East. Additional informa¬ 
tion obtinned in the West showed that the perithecia'of C. ips line d 


Rumbold, O. T. See footnote 4. 
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the galleries, their bases being buried in the gallery walls. When the 
galleries were occupied by the bark beetles, they were clear; neither 
the mycelium nor perithecia of a blue-stain fungus could be seen. 
The insects apparently cut off the protruding perithecial necks to 
keep the passages clear. Perhaps they used this material as food. A 
number of perithecia were found in other specimens showing crooked 
necks, with nodes where the necks had apparently grown out after 
being pruned. After the beetles had emerged the abandoned galleries 
were often filled with the protruding bristlelike necks of the perithecia. 
Leach, Orr, and Christensen 8 found ascospores and fragments of 
perithecia of C. ips in exoskelotons and scattered in the intestinal 
tracts of Ips pim and I. grandicollis. They also found viable asco¬ 
spores in the frass of tho beetles. 

THE FUNGUS IN CULTURE 

Yeasts were the first organisms to develop in the original cultures 
started from the bodies of insects. As the test-tube cultures aged, 
flic blue-stain fungus appeared as white hypliac growing out from the 
yeast colonies; the fungus frequently grew over the yeasts and 
covered the entire surface of the slant. The manner of growth, the 
color, and the general appearance of the mycelium, conidia, and 
conidiophores (figs. 1 and 2) resemble the eastern strains of Cerato- 
stomella ips. 

Single-spore cultures 9 were used in the study of the western strains 
of Ceratostomella ips. These were selected aftoi they had developed 
normal perithecia and conidiophores. The majority of single-spore 
cultures failed to grow and fruit normally, and therefore confirmed 
the results obtained by Leach 10 when studying this fungus. Cultures 
from beetles resembled those isolated from infested bark and wood. 

Table 2 gives a summary of the mean dimensions of perithecia of 
Ceratostomella ips isolated from beetles of three western species of 
Ips and, for comparison, the grand mean dimensions of the strains 
collected in the Atlantic States. In general the size of the base of the 
western strains varies no more than that of the eastern strains. The 
mean measurements of tho bases of the eastern and western strains 
arc approximately the same. The mean length of neck is shorter in 
the western strains. It has been noticed that the length of the neck 
is much more variable than the size of the base. 

Figure 3, A and B, shows outline drawings of typical ptrithccia of 
the strains of Ceratostomella ips associated with the -eastern and 
western species of Ips. * 

8 Leach, J. G., Orr, L. W., and Christensen, C. the interrelationships of bark beetles and 
blue-staining funoi in felled Norway pine timber. Jour. Agr. Research 49:315- 341, illus. 1934. 

9 Made by L. J. Meuli, formerly scientific assistant in the Division of Forest Pathology, Bureau of Plant 
Industry, U. S. Department of Agriculture. 

10 Leach, J. G. the production of perithecia in ceratostomella ips bumb. Phytopathology 24: 
1037-1040. 1934. 
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Figure 1 —Camera-lucida drawings of C 'eratottomella ip* growing in 
Van 1 leghorn cells on malt agar A and B, Strain isolated from adult 
Ip* integer collected m Oregon A, Germinating conidia in a 1-day-old 
culture; B, conidia and conldiophores when culture was 3 days old; C, 
strain isolated from adult I oreooni collected in Idaho; conidia and 
conldiophores in a 2-day-old culture; D, strain isolated from adult /. 
rmargtnatu* collected w Oregon, mycelium,conidia,and conldiophores 
m a 2-week-old culture. 


Figure 2.—A fascicle of ma¬ 
ture conldiophores of Cera- 
tostomella ip$ associated 
with Ip* integer. 
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Figure 3 -Outlines of penthecia drawn according to average dimensions A, Ceralostomella ips associated 
with eastern species of Ips, H, C. ips associated with western species of Ips C, C. pint associated with 
some eastern and western sjiecies of Dendroctonus; J), C. pseudotsvgue associated with 1> pseudo 
tsugae E, C piceaperda associated with 1) ptceaperda. 
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2 . 0 /* 
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Figure 4 —Asci of a strain of Cera - 
toetomella ips associated with Ips 
emarginatus. 



Figure 5 —Ascospores of Ceratostomella ips associated 
with (A) Ips emarginatus t (£) 1. oregoni \C) 1. 
integer, and (D) I. eaUigraphtis . 
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Strains of Ccratostomelln ips having perithecia with Penthecia of Cerato^tomella ipg having a mean 
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The asci (fig. 4) resemble those found in the eastern strain but differ 
from the Japanese strain in that the ascospores fill the asci much more 
than is reported by Nisikado and Yamauti. 11 

When pressed out of the perithecia the ascospores of eastern and 
western strains have the shape of quadrangular prisms (fig. 5), not 
cylinders as was stated in the technical description of the eastern 
strains of this fungus in 1931.“ The shape of the ascospores may be 
seen more readily if stained with picro-aniline blue. So treated, the 
walls of the spores become yellow and the interior blue. The edges of 
the walls of the guadrangular-prism-shaped spores look like flanges, 
while the blue-stained interiors are ellipsoidal or cylindrical. Figure 5, 
A, It, and C, shows the side and end views of spores of three western 
strains of C . ips , and, for comparison, spores of an eastern strain, 
isolated from a specimen of Ips calligraphus , are shown in D. 


CERATOSTOMELLA PSEUDOTSUGAE N. SP. 

Ceratostomella pseudotsvgae n. sp. was collected during three sum¬ 
mers on specimens of the species listed in table 3. ^ 

THE FUNGUS IN BARK AND WOOD INFESTED WITH DENDROCTONUS 
rSEUDOTSUGAE 

The Douglas fir beetles, Dendroctonus pseudotsugae , bore through 
the outer bark to the phloem or to the outer layer of wood and there 
extend their galleries. Ceratostomella pseudotsvgae grows from these 
galleries, usually in longitudinal streaks (fig. 6). The fungus covers 
the inner bark and wood with a black mycelial growth, which is usually 
mixed with particles of dried rosin. The stain of the inner bark caused 
by this fungus is not so noticeable as that caused by C . pini 9 possibly 
because the numerous black sclerotia so characteristic of the latter are 
not present. The fungus grows in toward the heartwood, staining the 
sapwood gull gray to slate gray. 13 The medullary rays become black. 


Table 3. —Source of Ceratostomella ps< udotsugae n. sp. associated with Dendroc ■ 

tonus pseudotsugae 


Date collected 

JiOCftll1> 

Scptoml>er 1931.. 

Metalino Falls, 
Wash. 

do 
. ..do 


do 

June 1932 .... 

_do.. 

_do-.. 

-..do. 


.Sisters, Ores_ 

June 1933__ 

Metaline Falls, 


Wash. 


Species of tree 

Infes¬ 

tation 

period 

l 

Remarks 


Pays 


Psevdolsuga taxi- 
folia 

39 

Specimen showed living larvae. Spor- 
ulating perithecia growing m gallery 
walls. 

do . 

38 

Do. 

.do .. 

38 

Specimen showed living beetles and 
larvae. Conidiophores in the larval 
mines. 

do 

i 

(*) 

Attack by beetles began in May 1931. 
Adult beetles cut out of bark as they 
were emerging. 4 larvae cut out of 
their mines. 23 of the 24 cultures 
started developed perithecia. 


4 

Inner bark tissues from entrance cham¬ 
ber used as inocula. 

...do. 

10 

Eggs cut from galleries used as inocula 

Lartx occidentalts.. 

7 

Large tree felled May 20, 1932. Frass 
used as inocula. 

Pseudotsuga taxi- 
folia 

14 

A green windfall of large size. Bark 
tissue from gallery used as inocula. 

Beetles cut from bark as they were 
emerging. 10 out of 11 cultures 
started developed perithecia. 

-do . 

0) 


* Unknown. 


11 Nisikado. Y., and V amauti, K. contributions to the knowledge of the sap stains of wood in 

JAPAN. I. STUDIES ON CERATOSTOMELLA IPS RUMBOLD. THE CAUSE OF A f BLUEoTAIN OF PINE TREES IN 

western japan. Ber. Ohara Inst. Landw. Forsch. 5* 601-638, lllns. 1933! 

« Rum bold, C. T. See footnote 4. 

>» Ridgway, R. color standards and color nomenclature. 43 pp„ illus. Washington* D._C. 
1913 . 
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On the black mycelial growth are tiny perithecia (fig. 3, D ) with 
short curved necks. The combination of beetle galleries and spread¬ 
ing fungus loosens the bark. In a short time ants, mites, nematodes, 
and various molds are found under the bark. 

Ceratostomella pseudotsugae first invades the ray-parenchyma cells 
of the wood and later the tracheids, passing from cell to cell through 
the pits. 

THE FUNGUS IN CULTURE 

Cultures of Ceratostomella pseudotsugae were started from adult 
beetles, from slivers of the insect gallery walls, and from frass, eggs, 
and larvae. All these cultures developed yeast at first, and later the 
blue-stain fungus grew out from the yeast colonies, often covering 
them completely. 

In culture this fungus develops a large amount of aerial mycelium 
and produces a lighter-colored mycelium, more conidia, and fewer 
perithecia than those developed in Ceratostomella pini associated with 
Dendroctonus brericomis and D. frontalis. In this respect it resembles 
somewhat a strain of C. pini found in the East on Pinus virlftniana 
Mill., unassociated with Dendroctonus , 14 and a strain found on the 
Pacific coast, isolated from a lightning-injured ponderosa pine. 
However, the lack of sclerotia, both when grown on malt agar and 
on pine, distinguishes this fungus from C. pini y and it differs also 
in its physiological reactions. 

Ceratostomella pseudotsugae and three strains of C.vini were grown 
on media having different sources of nitrogen. 15 To the standard 
basal medium (containing 2.0 percent of glucose, 0.50 percent of acid 
potassium phosphate, 0.1 percent of magnesium sulphate, 0.0016 
percent of bromcrosol purple, and 1.5 percent of Bacto-agar) was 
added 0.5 percent of one of the following nitrogenous compounds: 
Urea, asparagine, sodium caseinate, or peptone. The media were 
all adjusted to approximately pH 0.2. Table 4 gives the reactions. 
By observing the reaction changes of the media over a period of time, 
or the presence or absence of growth and the type of growth, it was 
found that the three strains of C. pini reacted alike, growing abnor¬ 
mally and producing acid when supplied with sodium caseinate or pep¬ 
tone but not growing on asparagine or urea; C. pseudotsugae grew 
well on all the media, producing a basic reaction on those containing 
sodium caseinate or peptone. These physiological reactions emphasize 
the distinction between C. pseudotsugae and Cpini . 

Tuh-e 4.— Heart inn of Ceratostomella pini and C . pseudotsugae on media 
containing tliferent nitrogenous compounds 


Reaction to indicated compound after specified period 


Cult lire and source 

! Sodium caseinate j 

Peptone 

Asparagine 

Urea 

i 

| 3 days 

8 days 

28 days 

21 days 

21 days 

21 days 

CtratostomeUa pini no. 187a from 

Acid.... 

Acid.... 

Acid ! 

Acid-.-. 

No growth. 

No growth. 

Dendroctonus frontalis, North 







Carolina. 







C. pini no. 416 from /). brericomis. 

...do. 

.. do. 

...do. 

...do. 

.do. 

Do. 

Oregon. 

C. pint no. 421 from uninfested 

- do.— * 

* .do 

...do. 

.. .do_ 

_do. 

Do. 

wood, Oregon. 


1 



1 


C. pseudotsugae no. 436 from D, 

...do_ 


Basic. — 

Basic— 

^Growth_ 

Growth. 

pseudotsugae , Washington. 

1 

| Neutral 

I_ 




»« Rum bold. C. T. See footnote 4. 
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Mar 15 , 1936 Three HIw-Staining Fungi Associated with Bark Beetles 429 


When the fungi are grown on autoclaved pine, the difference 
between a strain of Ceratostomella pini isolated from an adult Den - 
droctomis brevicomu < and the fungus isolated from a I). psevdotsugae 
beetle is easily seen. C. pini covers the surface of the wood quickly 
with a black stain consisting of innumerable peritheeia, black sclerotin, 
and dark-colored mycelium. The wood lias a black granular appear¬ 
ance. (\ pxeudoUugtu stains the wood a gull gray, the aerial myce¬ 
lium i^ hyaline (o gray, but most of 1 he surface discoloration is caused 
by the numerous peritheeia. 


Table 5 - -Dimension* of periflucia of Ceratostomella pseadotsugac from Dtndroc- 
tonus p*f udotsugac beetles or wood infesftd with them 

GROWN - ON M\LT AG YR 




Height of base 

Width of baso 

Length of neck 

Source and strain numbor of 

Fruits 







— ■ 

-- 

— 

(.'eratostomrlla pirn dot mqae 

ured 

Ex¬ 

treme 

Sextile 

1 Moan 

Ex¬ 

treme 

Sextile 

1 Moan 

Ex- 

tromo 

Sextile 

1 Moan 



range 

range 1 


range 

rango J 


rango 

rango 1 



IV inn- 










From Pseudotsuga tnrifolia, 1931 

her 

a 

8 

P 

P 

P 

p 

p 

p 

p 

No 383... .. 

20 

00-120 

80-110 

95 

00-120 

80-110 

‘W 

40-120 

60- 90 

74 

No 3S4. 

91 

50-130 

70 100 

85 

50-120 

70 100 

85 

40-110 

55- 90 

75 

From Lam occidi atahs, 1912 




1 







No 423b_ 

50 

70-120 

80 100 

00 

G0-130 

80 110 

91 

30-140 

60- 80 

67 

From P. taxtfoha, 1932 











No 423a.- - - 

30 

45-M0 

70- 90 

81 

45 140 

70-100 

84 

20-100 

60- 90 

70 

No 423c. 

40 

50-130 

80-110 

90 

50-120 

8' no 

89 

30-110 

60- 75 

<>0 

Assocntod with Ihndroitonus 











pirudotsuqar, 1932: 











No 423* 











Adult 1 . 

03 

00 102 

05- 80 

73 

55-100 

1)4— 80 

74 

45-125 

73-110 

93 

Adult 2. 

20 

55- 90, 

f>0- 80 

70 

55- 83 

05- 75 

70 

40-100 

40- 03 

.54 

Adult 3. 

31 

55-10(1' 

70- 93 

82 

50-110 

70- 90 

79 

65-160 

78-130 

103 

Adult 9-. . _ _ 

30 

01-10) 

70- 95 

82 

42-110 

70- 90 

81 

30-130 

90-115 

103 

\dults7,10,11,12. H. 17 

33 

50-130 

00- 90 

80 

50-120 

GO- 90 

80 

45-120 

60-100 

80 

Associated with 1> psnidot- 











sugae, 1933. 











No 4 30 











Adults 3, 5, and 7. 

24 

00-120 

75-110 

91 

50-100 

70-100 

80 

30- 90 

40- 80 

62 

Adult 0 . 

30 

00-130 

70- 90 

80 

00-130 

65- 80 

77 

45-130 

G5-100 

82 

Adults 8 and 10 - 

31 

00-110 

70-100 

85 

00-110 

70-100 

81 

40- 90 

50- 80 

67 

Adult 9. 

74 

50-140 

70-110 

87 

50-130 

70-J10 

87 

4.5-130 

60-110 

90 

Total, range, or mean 

585 

45-140 

70-100 

81 

42-140 

70 100 

83 

20-100 

56-100 

79 


GROWN ON WOOD 


Associated with D. jfvidot- 
sugar in P tanfolia' 

No 430, adult 0, grown on 

Pinas tarda . 

No 3s3, oiiginal peritheeia 
growing on inner hark of 
Pseudotsuga tax if oh a . 


45-lOOj 60- 80| 70) 40-100) 70, “30-120] 60- 95) 

13 60- 90) 50- 80| 50- 80,' OO- 80j 08 35-110) 46- 90| 


1 The sextile range discards the sixth of the measurements at eich end of the extreme range, permitting 
an approum jtion of the frequency distribution 

A mature culture of Ceratostomella psevdotsugae contains white 
gray, and snuff-brown mycelium at its top, and numerous small, 
often incompletely developed peritheeia. Black peritheeia embedded 
in a warm sepia and black mycelium, surrounded and sometimes 
covered by gray aerial mycelium, appear in the center of the slant. 
The individual peritheeia cannot be seen easily with the naked eye 
but are visible w r ith a hand lens. At the base of the slant, wedged 
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between the glass and agar, a black sclerotoid layer of mycelium 
sometimes forms. The fungus grows readily but not vigorously on 
steam-sterilized southern yellow pine. A culture, made in the forest 
from gallery-wall tissue, when 10 days old contained gray, brown, 
and black mycelium and mature perithecia, but transplants from 
this strain remained light-colored and failed to produce spores. The 
perithecia developed on wood arc somewhat smaller than those grow¬ 
ing on malt agar (table 5). 


Micelicm 

The young mycelium growing in culture forms a white mat cover¬ 
ing the surface of the agar. The young hyaline hyphae are septate, 
branch irregularly, and measure 1,2 m to 4 m in diameter. They form 
strands, anastomose, and change color gradually. The hyphae turn 
brown with age and the cell divisions become numerous, so that old 
hyphae often consist of short cells that may become globular. The 
walls thicken, and often a dark granular exudation appears^ Old 
dark-colored hyphae may he relatively thick, varying from 4m to 15m 
in diameter. The cells forming the old hyphae often become poly¬ 
hedral and in this respect resemble those forming the sclerotia of 
Ceratostomella pivi. However, their walls are not so tliiek nor so 
lirm as sclerotial cells. 

COVIDI \ AND CONIDIOPHORES 

At room temperature (about 25° C.) the first conidia appear about 
48 hours after the germination of ascospores. They grow directly 
from the hyphae at first and are obovoid. Later they form in clusters 
at the tips of simple hyaline conidiophores. As the conidiophore 
lengthens, the conidium is pushed to the side of the growing tip. The 
conidiophores remain small, are usually unbranched (fig. 7, ,1), and 
do not change color as the culture ages. The conidia vaiy in shape 
from globular or obo\oid to clavate, and in size from 2 7 y. to 5 m by 
1.4 m to 2.7u- 

Perithecia 

Beneath the bark of the tree the black perithecia develop on the 
dark mycelium, which spreads from the galleries between the inner 
bark and the w ood. The fruit s generally are flattened by the pressure 
of the bark. In this situation the base of the perithecium is bare of 
hyphae except those attaching it to the substratum. In culture peri¬ 
thecia are found with basal hyphae growing into the air, looking like 
bristles. They are straight, septate, brown, tapering at the tip, 
about as long as the w idtli of the base of the perithecium. The ostiole 
at the end of a short curved neck is surrounded by short hyaline cilia 
from 10 m to 23 m long (fig- 3, D). Ten liai e been counted at an ostiole. 
An ostiole through which ascospores have been ejected is generally 
torn. The globular perithecial base is dark brown and the tip of the 
neck light brown. 
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The perithecia somewhat resemble those of CeratostomeUa pini 
(fig. 3, (J), The measurements of the perithecia are given in table 5. 

Arci 

So far only immature asci have been seen. These were clavate 
and later polyhedral, owing possibly to their being crowded in the 
interior of the base. The eight spores are irregularly arranged. The 
walls of the asci disappear before the ascospores are ejected. There 

j 



Figure 7 .—CeratostomeUa pseudotsugae growing in Van Tieghem cell cultures 1 to 5 days old: A, Conidia 
and conidiophores; B, ascospores. 

is an oily substance formed with the spores that often is ejected before 
the spores. 

Ascospores 

The ascospores are crescent-shaped, slender, and pointed at both 
ends (fig. 7, B). They are hyaline, with a thin mucilaginous coating 
which causes them to clump together when ejected on the tip of the 
neck of the perithecium. The glistening clumps of ascospores are 
conspicuous. The mean length of the ascospores is 4/*, and the mean 
width 1.5/z. 

TECHNICAL DESCRIPTION 

CeratostomeUa pseudotsugae n. sp. 

Young colonies with conidia white changing to sepia and black, with perithecia; 
young hyphae hyaline, 1.2/* to 4.0/* in diameter; old hyphae brown, 4/* to 15/* in 
diameter; conidia hyaline, appearing first on hyphae, globular, oho void to clavate, 
ranging from 2.7/* to 5/* by 1.4^ to 2.7/*; conidiophores single, hyaline, usually 
unbranchcd, hyphae bearing conidia in clusters; conidia solitary, adherent, form¬ 
ing a head; perithecia black, globose, slightly hirsute; height of base, extreme 
range 45/* to 140/*, sextile range 70/* to 100/*, mean 84/*; width of base, extreme 
range 42/* to 140/*, sextile range 70/* to 100/*, mean 83/*; length of neck, extreme 
range 20/* to 160/*, sextile range 55/* to 100/*, mean 79/*; diameter of neck near 
base 25/*, at ostiole 10/*, the ostiole with hyaline terminal cilia 10/* to 23/* tong; 
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asci ephemeral, polyhedral; ascospores 8, hyaline, crescent-shaped; length, 
extreme Tange 2.4m to 5.4m* sextile range 3.5/* to 4.8m, mean 4 m; width, extreme 
range 0.9m to 2.4m, sextile range 1.2m to 1.9m, mean width 1.5m. 

On sapwoori of Pscudotsuga taxifolia infested with Dendroctonus pseudotsugae 
near Metaline Falls, Wash., and near Sisters, Orog.j and on Larix occidentalis 
infested with D. psrudotsvgae, near Mctalinc Falls, Wash. 

DIAGNOSIS 

Ceratostomella pseudotsugae sp. nov. 

Coloniis juvenilihus conidifeiis alhis, turn brunneis-nigreseentibus cum peri- 
theeiis; hypliis hyalinis, 1.2m-4.0m diam., dein brunnescentibus, 4m*-15m diain.; 
conidiophoris siinplicibus, hyphis plerumque sine ramis conidia globosa ferentibus; 
eonidiis hyalinis, in li\ phis primo apparentibus, globosis, obovoideis vel clavatis, 
solitariis deinde in niassulas congregatis, 2.7m-5.0m usque 1.4m-2.7m; peritheeiis 
mgris, globosis lender hirsutis, 45m~140m imo altis, 42m~140m latis; rostellis 20m 
100m longis, 10m 25m diain., ostiolo filamcntis hyalinis, terminalibus, 10m~23m 
longis, pruedito; ascis evanidis, polvliedricis, oetosporis; ascosporis hyalinis, 
lunatis, 2.4m-5.4m longis, 0.9m~2.4m Intis. 

In ligno snpido Pscudolsugae Uixijoliae et Laricis occidentalis Dcndroctono 
ps( udotsugat infestato, Washington et Oregon, U. S. A. 

CERATOSTOMELLA PICEAPERDA N. SP. ^ 

Ceratostomella piceaperda n. sp. was found on the following speci¬ 
mens collected in the localities named: 

Piet a glauca (Mocnch) V< ss, infested 15 days with Dendrocionns piccaperda, 
eollected in the forest near St. Peters, Cape Breton, Nova Scotia, Canada, in June 
1930. 

Piet a glauca . infested 1 month with Dcndroclonus piccaperda , collected in the 
forest near Grand Caseapedia, Bona\enturc County, on the Gasp6 Peninsula, 
Proxinee of Quebec, Canada, in July 1931. 

An adult beetle of D. piccaperda , m July 1933, cut out of the bark of P. glauca. 
The tree stood in a forest near St. Peters, Cape Breton, Nova Scotia, Canada, and 
had been recent1\ attacked. 

The blue-stain fungus isolated from these specimens resembles in 
many respects a German fungus, Ceratostomella penicillaia Grosinann, 16 
isolated from Picea excelm Link infested with Ips typographies L. and 
Pityogencs chalcographus L. The measurements of the perithecium of 
the German fungus are: Diameter of base, 250/* to 300/*; length of neck, 
300/* to 500/*. The ascospores measure 6.5/* by 2.3/*. The height of 
conidiophores varies from 450/* to 600/* ? diameter 7/* to 8/*, conidia 
11/* to 12/* by 3/* to 3 5/*. The conidia and conidiophores of the 
Canadian fungus are smaller. The conspicuous conidiophores of the 
German strain also differ from the Canadian in the shape and size of 
their heads. 

THE FUNGUS IN BARK AND WOOD INFESTED WITH DENDROCTONUS PICEAPERDA 

Dendroctonus piceaperda will invade living spruce trees, although it 
prefers the bark of dying windfalls and fresh stumps. It bores through 
the outer bark to the phloem or to the outer layer of wood and there 
extends its egg galleries (tig. 8). Ceratostomella piceaperda has been 
found fruiting in these galleries nnd growing from them, commonly 
in longitudinal streaks. A close examination of the blackened areas 
showed that the inner bark and cambium were covered with a net¬ 
work of dark-browm hyphae. Perithecia w ere seen only in the galleries. 

GROSMANS’, II. CllER DIE STSTEMATISCHEN BEZIEHUNGEN DEE GATTUNG LEPTOGRAPHIUM LAGERBERG 
ET MELIN ZUR GATTUNG CERATOSTOMELLA 8ACC. NEBST EINIGEV BERMERKUNGEN t)BKR SCOPULARIA 

vknusta PREUSS und hantzachia puycomtces awd. Hedwigia 72: 183-194, illus* 1932. 
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Spruce stained with Cera- 
tostomella piceaperda is gull 
gray in color. The fungus 
grows first in the rays, turn¬ 
ing them black, then invades 
the tracheids by moans of the 
bordered pits. In culture 
the surface of infected wood 
appears furry because of the 
numerous perithecia and 
conidiophores covering it. 

THE FUNGUS IN CULTURE 

Cultures of Ceratostomella 
piceaperda were developed 
by transferring slivers of 
blue-stained imier bark to 
malt agar. All the plantings 
produced yeast at first; later 
the blue-stain fungus ap¬ 
peared and grew over the 
y east. The fungus was cul¬ 
tured with difficulty, the 
warm summer temperature 
at the laboratory (up to 30° 
C.) apparently being unfav¬ 
orable for its growth. The 
cultures started from speci¬ 
mens collected at Grand 
Cascapedia in 1931 did not 
develop perithecia until the 
spring of 1932 and died 
during that summer. The 
cultures, started from a 
beetle collected in J ulv 1933, 
began to develop perithecia 
5 months later. A strain 
collected in 1930 has been 
in cultivation in the labora¬ 
tory for 4 years. It is usual¬ 
ly kept at 11° to 25°. The 
fungus developed mature 
perithecia in 14 days when 
growing on steam-sterilized 
pine ( Finns caribaea ). It 
hydrolyzes boiled rice, pro¬ 
ducing a liquor. If it is 
combined with a yeast which 
also was isolated from 
Dendrodonus piceaperda 
infested bark, the hydrolyzar 
tion of the rice is stimula¬ 
ted, and a liquid is produced 



Figure 8 .—Bark of Ptcea glauca infested 15 days with Den- 
droctonut pteeaperda. Blue stam caused by Ceratostomella 
piceaperda starting to spread from galleries. 
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that has a fruity aroma. The yeast alone barely grows on the rice. 
The presence of this yeast in a malt-agar culture markedly stimulates 
the growth and fruiting of the fungus. 

A mature culture of Ceratostomella piceaperda grown on a malt agar 
slant is cliaetura black. The aerial mycelium is usually hair brown 
at the top of the slant and black at the base. The surface of the 
culture has a velvety appearance due to the growth of conidiophores. 
These conidiophores become dark brown as they age and surround 
the perithecia, whose necks point up like shiny black thorns from the 
black substratum. Perithecia and conidiophores will be found de¬ 
veloping ascospores and conidia at the same time, the fungus being 
unlike C. pini and C\ ips in this respect. 

Mycelium 

The cultures used in the description of this fungus originated from 
a single conidium. The young mycelium is white, then cream-col¬ 
ored. The young hypliae, which measure 2.Gg to 5.5/z in diameter, 
form loose strands and change color quickly. A culture 4 days%ld, 
grown at 25° C., is dark brown in the center. The liypliae walls 
thicken, and, as the culture ages, hyphae may be found having a 
diameter of 17/tt. 
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At 25° C. the first conidia appear on the hyphae 24 hours after the 
germination of a conidium. The conidia forming on the hypliae 
are hyaline, and obovoid or clavate (fig. 9, A). When germinating, 

the conidium swells and often be¬ 
comes globular. Some conidia bud 
like yeast. On others from 1 to 4 
germination tubes have been seen. 
Simple short hyaline conidiophores 
appear that develop clavate conidia 
on their tips, but when 2 days old 
the fungus develops the character¬ 
istic conidiophores that resemble 
Leptographium lundbergii Lagorberg 
and Melin. The conidiophores are 
straight 5- to 7-septate brown hy¬ 
phae, growing erect from the vege¬ 
tative hyphae; near the tip a branch 
forms with hyaline subbranches, 
which develop the conidia at their 
tips. These conidia are held in a 
drop of a mucilaginous liquid on 
the top of the stalk (fig. 10). As 
the conidiophore ages, the color of the drop changes from white to 
yellow and then to brown. The conidiophores with their conidia 
seem to play an important part in the life cycle of this fungus, if 
vigor of growth is a criterion. 
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Mmkl 9 .—(\ratoslnnulla piceaperda A, 
Conidia, li, ascospores. 


Perithecia 

Beneath the bark of the spruce the perithecia develop in the insect 
galleries, their bases embedded in the bark tissues. In this situation 
the base is bare of hyphae. In culture the globular base develops 
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many-septate brown liyphae, which grow out into the air. These 
basal hyphae average about 50/i in length. The ostiole at the tip of 
the neck is without cilia (fig. 3 , E). To the eye the perithocium is 



1 k.url 10 -Comdiophores of Ceratoitomclla puiaperdo from an 8-day old tulture X 175. 

jet black. Some of the penthecia show a proliferation of the neck. 
The si/,es of the perithecia are given in table 6. 

Abci + 

Only immature asci have been seen. They are hyaline and rather 
pear-shaped. Before the ascospores are ejected, however, the walls 
of the asci disintegrate. There are eight ascospores in an ascus. 

Asf ospoitrs 

The ascospores are hyaline and ellipsoid (fig. 9, 7i). They have a 
thin coating of a mucilaginous substance which causes the spores to 
clump together on the tips of the perithecial necks, where they form 
a glistening mass. 








436 


Journal oj Agricultural Research 


Vol. o. 


Iahif 6-Dimensions of pcrilhecia of CeratostomeUa piceaperda 
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TECHNICAL DESCRIPTION 


(eralostomella piceaperda n. bp. 

^ mmg romdin-pioducmg colonies white to ncam, changing to cliaetura black; 
Aoung li\phae h} aline, 2.0/* to 5.5/* ni diameter, old h} T phae brown, 6/* \oM7m m 
diameter; conidia li>alnu*, a])]iearing fiibt on li^phae, later on eomdiophori s, 
oboNoid or clavate, extreme lange 3/* to 11 /* by 2/* to 4/*, mean 5.4/* b> 3.2/*; 
eomdiophores st might, brown, 5- to 7-septate, erect, branched, witli conidia de- 
\ eloping tcrnnnall} on h> aline subbranches and collecting in a mucilaginous 
diop; eonidiophorcs 170 m to 250/* high, stalk 4/* to 8/* in diameter; perithecia 
black, globose, hirsute; height oi base, extreme Tange 90/* to 350/*, sextile range 
150/* to 230/*, mean 181/*; width of base, extreme range SO/* to 340/*, sextile range 
140/* to 220/*, mean 181/*; length of neck, extreme range 110/* to 980/*, sextile range 
300/* to 000/*, mean 535/*; diameter of neck near base 45/*, at ostiole 25/*; ostiole 
without teiminal cilia; asci ephemeral; aseospores 8, hyaline, ellipsoid; extreme 
Tange 3 0/* to 4. 7/* b> 1.0/* to 2.4/*, sextilelange 3.9/* to 4.4/* In 1.9/* to 2.0/*, mean 
13/* In 2 0/*. 

On sapwood of Picm glauca mfehted with Dendrodonus pietaptrda near St. 
lVteib, No\a Scotia, Canada, and near Grand Cascapedia, Quebec, Canada. 

DIAGNOSIS 


CeratostomeUa piceaperda sp. nov. 

Coloniis ju\enihbub conidiferis albis cremeisxe, turn brunneis-nigris cum 
peritheciis; hyphis jiivenilibus hutlims, 2.6/*-5.5/*, senescentibus brunneis, 6/*—17/* 
diain.; eonidiophoris erectis, brunneis, ramosis, 170/*-250/* altis, 4/*-8/* latis; 
comdiis h>alims, obo\oideib \el claAatis, 3/*-ll/t longis, 2/*-4/* latis, in lupins 
pmno apparentibus, a pice lainulorum h>alinorum gestis, in guttam mucosam 
conglobatis; perithecns nigris, globosis, hirsutis, 90/*-350/* altis, 80/* 340/* latis; 
lostelhs 110/* 980/* longis, 25/* 45/* diam., ostiolo carente filamentis; ascis evani- 
dis, octospons; ascospoiis h^alinis, ellipsoideis, 3.6/*-4.7/* longis, 1.0/* 2.4/tlatis. 

In ligno sapido l*iccai glaucai Dnidroctono piceaperda mfestato, Nova Scotia et 
Quebec, Canada. 


SUMMARY AND CONCLUSIONS 

That certain bark-boring; beetles carry specific fungi with them on 
their flights has been established by an accumulation of data collected 
during a number of years. 

CeratostomeUa ips y w hich causes the blue stain of sapwood of conifers 
on the Atlantic coast when infested w r ith eastern species of Ips and 
which causes a blue stain of pine trees in western Japan, has been 
found to be associated also with the bark beetles Ips emarginatus , I. 
integer , and 1 , oregoni, which infest conifers on the Pacific coast. 
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Technical descriptions of two new fungi associated with bark 
beetles are given. 

Ceratostomella pseudotsugae n. sp. is associated with Bendroctonus 
pseudotsugae, which infests Douglas fir and larch on the Pacific coast. 

Ceratostomella piceaperda n. sp. is associated with Dendiocto nvs 
piceaperda , which infests spruce in eastern Canada. 




RELATION OF ACCESSORY GROWTH SUBSTANCES TO 
HEAVY METALS, INCLUDING MOLYBDENUM, IN THE 
NUTRITION OF ASPERGILLUS NIGER 1 

By Robert A. Steinberg 

Associate physiologist, Division of Tobacco and Plant Nutrition, Bureau of Plant 
Industry, United Stalls Department of Agriculture 

INTRODUCTION 

The data presented in this paper were obtained initially in an at¬ 
tempt to develop a method for the complete removal, by extraction 
with alcohol, of heavy metals from the constituents employed in a 
nutrient solution for Aspergillus v iger Van Tiegh. Though the method 
proved inapplicable for the purpose in mind, the results were extended 
and amplified once their significance in investigations on the accessory 
growth substances required by micro-organisms was realized. Corre¬ 
lation of the data on the heavy-metal requirements with those on the 
accessory growth bodies was considered also to be of importance. 

The first observation on the existence of accessory bodies essential 
for the nutrition of the fungi was that of Wildiers '(/$), 2 who in IDOL 
announced the discovery of “bios”, a hypothetical organic substance 
that he considered essential for the nutrition of yeast. This substance 
he found to be present in the filtrates of old yeast cultures and in ap¬ 
parently pure sucrose. It could be extracted from sucrose with 80- 
percent alcohol. The subsequent discovery of vitamins and of their 
importance in animal nutrition has led to the belief that “bios” func¬ 
tions similarly with the fungi. Investigators, however, have not 
agreed upon the necessity of “bios” and similar substances for the 
nutrition of fungi and bacteria, although the difliculties associated 
with the maintenance of pure cultures of micro-organisms in artificial 
media are not disputed. Effect of quantity of inoculum, dying out of 
cultures, and alterations in virulence and other functions are phenom¬ 
ena recognized by all. 


REVIEW OF LITERATURE 

Of the voluminous literature on the accessory substances required 
by micro-organisms, mention may be made of a few recent papers. 
Ilall, James, and Stuart (5) have reported that recrystallization of 
sucrose with alcohol eliminated a substance believed to be an organic 
nitrogen compound (bios) the presence of which is necessary for the 
growth of yeast. Extraction of sucrose with alcohol, on the other hand, 
results in the removal of another hypothetical organic substance 
(“coenzymc R”), not identical with bios, that is essential for the 
development of Rhizobia, according to Allison, Hoover, and Burk (H). 

Claims of the existence of other accessory growth substances also 
have been made. Nielsen and Hartelius (6‘) state that Rhizopus 
suinus elaborates two such substances, one of which is identical with 

1 Received for publication Nov. 2, 1935, issued April 1930. 

2 Reference is made by number (italic) to Literature Cited, p 448 
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heteroauxin, regarded by Went {12) as a growth hormone of green 
plants. The seeond substance is “growth substance B”, an accessory 
body for growth of Aspergillus niger . Vitamin B, the antineuritic 
growth factor, is considered by Schopfer {8) to be essential for the 
development of certain of the mucors. Peskett (7) has published an 
extensive review of the literature. 

METHODS 

Both extraction with 95-percent alcohol and recrystallization with 
SO-percent alcohol have been employed for the removal of contam¬ 
inants from sucrose in these investigations. The sucrose utilized was 
a highly refined sugar containing 0.002 to 0.0025 percent ash. Other 
chemicals were of reagent grade. The water was redistilled in Pyrex 
glassware. The organism was grown for 5 or 6 days at 34.7° to 
35.1° C., in 200-cc Erlenmeyer flasks containing 50 cc of nutrient 
solution. The inoculum per flask averaged 0.05 mg (dry weight) of 
spore material. ^ 

Further details regarding the composition of the solutions used, the 
method of nutrient-solution purification, and other features will be 
found in former publications by the writer {10 y 11). All solutions 
contained 5 percent of sucrose and the necessary salts. 

The values tabulated are each the average of two duplicate cultures. 
The percentage yields are obtained by dividing the yield in the solu¬ 
tion with an element omitted by the yield witii the element present. 
That is, the yield in the complete nutrient, referred to as the maximum 
\ ield, i* taken as equal to 100 percent in each experiment. 

GROWTH WITH SUCROSE PURIFIED BY MEANS OF ALCOHOL 

The components of the nutrient solution were extracted wdth freshly 
distilled 95-percent alcohol for 6 hours or longer in a Pyrex extraction 
apparatus. The sucrose dissohed partially, tho ammonium nitrate 
completely, while the dipotassium phosphate and the magnesium 
sulphate were practically insoluble. The ammonium nitrate was 
permitted to crystallize from the solvent, which wms filtered off, and 
the crystals were dried at 103° O. to remove alcohol. The crystals 
of the other compounds were dried similarly. All were kept in a 
desiccator over anhydrous calcium chloride until required for use. 
The compounds retained the identical chemical formulas that they 
had originally except in the case of magnesium sulphate. Ignition 
of a sample of the latter compound after extraction with alcohol 
revealed that it had changed from heptahydrate to dihydrate; 0.38 g 
of the latter is formed from 0.6 g of the former. 

Table 1 shows grow th of the fungus in a nutrient solution (dibasic) 
composed of 1,000 cc of water redistillod in Pyrex glassware, 50 gof 
sucrose, 2 g of ammonium nitrate, 0.48 g of dipotassium phosphate 
and 0.6 g of heptahydrate (or 0.38 g of dihydrate) magnesium sulphate. 
One experiment is w r itli unextracted ingredients, another with ex¬ 
tracted sucrose but unextracted salts, and the third with components 
all of which had been extracted with alcohol. Iron, zinc, copper, and 
manganese, w T hon added to the solution, w^ere in. amounts of 0.20, 
0.14, 0.04, and 0.02 mg per liter, respectively. 
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Table 1. —Effect of alcoholic extraction of the nutrient-solution 1 components upon 
the iron t zinc , copper t and manganese requirements of Aspergillus niger 
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pH 


Mn 

7 Vrc< nt 

pll 

3. OK 


Ml_ 

■SO. 7 

7.00 

2.48 

0. Id . 

37.3 

4.33 

2.82 

U— 

29.6 

3 59 

2, bl 

Fe_ 

340. f> 

32.09 

1.89 

l,bl 

i 291.7 

33.80 

1.85 

4, j... 

422.7 

51.73 

1.79 

0, bl. 

Zn... 

111 5 

10.51 

2.34 

o.bl . 

00. 4 

7.01 

2.01 

4,j.~ 

40.3 

4.93 

2.74 

4,j. 

Cu . 

959 9 

90.45 

2.44 

2, bl 

780 4 

90.00 

1.82 

2, w,. 

771.9 

94.40 

1.91 

4,y. 

Mn .. 

821.0 

77.37 

1.94 

2, bl.. 

072.8 

78.11 

1 04 

2, 

708.7 

94.09 

1.70 

6 , 1 > 1 . 

None.. 

1,001.2 

100.00 

2.48 

0, bl.. 

801.4 

J00 00 

1.75 

U - 

817.2 

100.00 

1.80 

0, bl. 


i The nutrient solution (dibasic) was composed of 1,000 cc of water redistilled in Pyrox glassware, 50 g 
of sucrose, 2 g of ammonium nitrato, 0,48 g of dipotassmm phosphate, and 0 o g of heptahydrate (or 0.38 g 
of dihydrate) magnesium sulphate. 

1 Heavy-metal concentrations were as follows: Fo f 0.20; Zn, 0 11; Cu, 0 04; and Mn, 0.02 mg per liter. 

J Yield from complete medium with no metal omitted taken ns 100 percent. 

4 Sporulntion is indicated as 0 (sterile! to 10 (black v ith spores), and spore color by tho initial letter or 
letters of the words jet, black, brown, tan. yellow, and white. 


A distinct decrease in yield is shown in both cases as the result of 
extraction with alcohol. Not only is the yield diminished in the 
minus-lienvy-metal and the muius-zinc cultures, hut. it is also lower 
in the lull-nutrient cultures. Apparently the decrease in yield is due 
partially to the removal of zinc from the sucrose and the suits. Suf¬ 
ficient zinc is thus removed to cause a decrease in the percentage of 
maximum yield from 10.51 to 4.93 in the minus-zinc cultures. Addi¬ 
tional trials with the full-nutrient solution revealed that the supply 
of zinc had become deficient and that the maximum yield averaged 
about 940 mg when the zinc removed from tho sucrose (0.02 mg Zn 
per liter) was replaced, or approximately 13.2 percent less than with 
uncxtracted sucrose. The decrement in yield with the full-nutrient 
culture appeared to bo dependent to some extent upon the duration 
of extraction, but was not due primarily to a deficiency of any of the 
known constituents of the nutrient solution. 

Further studies w T ere concerned, therefore, with the identification 
of the unknown material responsible for tho diminution m maximum 
yield. The effects of 55 elements, including the 12 known chemical 
elements of the nutrient solution, werq tested on the growth of 
Aspergillus niger in the nutrient solution under discussion, and in 
soveral other deficient nutrient solutions as well. The net result of 
these experiments here applicable may be briefly summarized by the 
statement that molybdenum is essential for growth and sporulation 
of this fungus. Its addition made up the deficiency in maximum yield 
resulting from tho use of purified sucrose. A comparison of the results 
obtained with untreated sucrose, extracted sucrose, sucrose recrystal¬ 
lized once with 80-percent alcohol, and sucrose three times so re- 
crystallized is given in table 2. 
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Table 2.* -Effect of alcohol purification of sucrose upon the growth and development 
of Aspergillus niger in relation to role of heavy metals f with special reference to 
molybdenum 


Heavy 
mot >il 
omit¬ 
ted » 

All - . 
Fe . 
Zn .. 
('u . 
Mn 

Mo . 
Voni 

Heavy 
metal 
omit¬ 
ted » 

Sucrose not purified (Initial 
solution, pH'7-22) 

Sucrose extracted 6 hours 
(initial solution, pH 7.12) 

Sucroso extracted 6 hours 
(initial solution, pH 7.23) 3 

Yield 

1 

1 A lQ 

41) R 

1 27. r >. 4 

1 i or* r> 

1 1,010 4 

1 934 t 

1,01H 1 

i. nr> o 

Propor- 
t mn of 
maxi¬ 
mum 
yield 
ob¬ 
tained 3 

Acid¬ 
ity at 
har¬ 
vest 

pH 

2 SI 

1 81 

2 35 
2. 50 

1 81 
l.ss 

2 08 

Sporu- 
lation 4 

Yield 

Mg 
27.0 
309. 0 
38 5 
1,059 3 
930 0 
1,001 3 
1,088.3 

| Propor- 
t ion of 
maxi¬ 
mum 
}ield 
ob¬ 
tained 3 

Acid¬ 
ity at 
har¬ 
vest 

l 

Spol¬ 
iation 4 

Yield 

Propor- 
t ion of 
maxi¬ 
mum 
yield 
ob¬ 
tained 3 

Acid¬ 
ity at 
har¬ 
vest 

Sporu- 
lation 4 

\Peret nt 
4 Ifi 
21 OS 

9 45 
91.35 
S3 74 
91 15 
100 00 

2, hi.. 
4. hi- 
fi, hi 
2,1. 
4.bl 

4. bl 

8, bl 

Percent 
2.48 
28 45 

3 54 
93 35 
85.51 
92 28 
100 00 

1 

pJI 

2.96 
1.83 

2 78 

2 78 
1.88 
1.90 

2 55 

2. bl— 
4, bl_ J 
4,lb- 
2, t.— 
1, bl 1 
6, bl 

8, bl 

Mq 

27 2 
302 4 
50 0 
1.029 4 

814.3 

984.3 
1,099.9 

Percent 
2.48 
27. 49 

4 55 
93 59 
74 03 
89 19 i 
100.00 

pll 

2.80 

1.83 
2. G7 
3.12 
1.80 
1.93 

2.84 

2, bl. 
4,bl. 

4, bl. 

2, t. 

2, bl. 

6, bl. 

6, bl 

Sucrose extracted 12 hours ' 
(initial solution, pH 7.17) 

Sucrose recrystallizod (initial 
solution, pll 7.06) 

1 -^r - 

Sucrose recrystalllzed 3 times 
(initial solution, pll v ) 

Yield 

Propor¬ 
tion of 
maxi¬ 
mum 
yield 
ob¬ 
tained 3 

Acid¬ 
ity at 
har¬ 
vest 

Sporu- 
lation 4 

j 

Yield 

Propor¬ 
tion of 
maxi¬ 
mum 
yield 
ob¬ 
tained 3 

Acid- 
i t y at 
har¬ 
vest 

Spol¬ 
iation 4 

Yield 

Propor¬ 
tion of 
maxi¬ 
mum 
yield 
ob¬ 
tained 3 

Acid¬ 
ity at 
har- 
1 vest 

Spor il¬ 
lation 4 


m 

Percent 

pJJ 


Mq 

Percent 

pll 


Mg 

Percent 

pll 


All 

32 n 

2.87 

2. 90 

2J .. 

29.4 

2. 05 

2.92 

2, bl. 

35.3 

3.25 

\ 2.87 

3, bl. 

Fe. 

336 0 

30 11 

1.81 

4, j . _ 

340. 1 

30 71 

1.76 

4, bl 

422.3 

38.89 

1.73 

6, bl 

Zn. 

S3.0 

4 75 

2.65 

4, j--- 

50 0 

4 57 

2.73 

4, bl._ 

38.8 

3.57 

2.74 

3, bl. 

(U 

1.039.9 

93.19 

3 07 

2, t_ 

997. fi 

90. 07 

2.94 

2,y.. 

950.6 

87.53 

3 07 

2,t. 

Mn.. 

844.7 

75. 70 

1 1.82 

2, j — 

950. 7 

86. 38 

1.82 

2, bL. 

998.5 

91.94 

1. 85 

2, bl. 

Mo 1 

SSI. 1 

78 90 

1.80 

4, j — 

902. 2 

86 87 

1 84 

6, bl 

1,000.4 

92 12 

1 94 

7, bl. 

N one ! 

I, 115.9 

100.00 

2.83 

0, bl.. 

1,107. 0 

100 00 

2 06 

8, hi.. 

1,086 0 

100 00 

2.76 

7.W. 

1 


_ 

_ 

_ 


_ 


_ 

_ 

_ 

_ 



1 The heavy-metal concentrations used were as follows: Fe. 0.20; Zn. 0.14; Cu, 0.04; Mu, 0 02; and Mo, 
0 01 me per litor, except that in exj>eriinonts 3 and 4 the rinc content was 0.10 me per liter. 

* The extraction apparatus was thoroughly cleaned of res id uas from previous extraction. 

* See footnote 3. table 1. 

4 See footnote 4, table 1. 


The effects of purification of sucrose with alcohol at low impurity 
levels appear to be the same whether extraction or recrystallization 
is employed. They differ, however, with the individual heavy metal 

C resent in the sucrose. Zinc and molybdenum are removed partially 
y these procedures, although the results with tho latter are rather 
erratic. Copper is removed to a slight extent, especially through 
repeated recrystallization. Iron and sometimes manganese, however, 
give definite indications of an increase in concentration in the sucrose 
through this procedure. It will be observed that the maximum yields 
are practically identical. It should be added, however, that filtration 
w^as omitted during the recrystallization process. 

The results of the experiments with purified sucrose are more 
intelligible if it is kept in mind that the sucrose employed is of an 
exceptional grade of purity, containing not over 0.0025 percent ash. 
Witli sucrose of a significantly lower degree of purity the effects of 
purification become far greater. It should not be forgotten, moreover, 
that the comparisons usually made in studies on accessory bodies 
would correspond to the contrasts in the present investigation between 




Mar 15,1936 Relation oj Accessory Growth Substances to Heavy Metals 443 


cultures containing sufficient nutrients for maximum growth and 
cultures deficient in more than one constituent. 

Additional data bearing upon the need of Aspergillus myer for 
molybdenum are shown m table 3. The data are from solutions 
differing in composition and in treatment in order to avoid so far as 
practicable the possibility of error through the use of a single and 
perhaps abnormal solution. The cultures were grown for 5 days. 
The first two experiments wero performed simultaneously, the addi¬ 
tion of iron sulphate (25 mg per liter) in combination with calcium 
carbonate being practically without effect. The added iron is re¬ 
moved and possibly a trace of copper added. The results in these 
two experiments arc quite uniform and serve to illustrate the experi¬ 
mental precision that may be attained with duplicate cultures. The 
results obtained in the next experiment demonstrate that the data 
obtained with Pyrex glassware are practically identical with those 
with quartz. Such differences as exist are probably due to the use of 
decantation instead of filtration in the experiment with quartz. In 
this experiment, water redistilled in quartz and quartz vessels were 
employed in all operations except measurement. In the last experi¬ 
ment equivalent amounts of magnesium nitrate and sodium sulphate 
'were substituted for the magnesium sulphate of the dibasic nutrient 
solution. Comparison of the results with those in the first experiment 
of table 2 indicates the presence in the magnesium sulphate of sig¬ 
nificant amounts of iron, manganese, and particularly molybdenum. 

Tablk 3. -Effects of modification* in nutrient solution composition and treatment 
on th( growth and development of AsptrgiUus myir with heavy metals , particularly 
with molybdenum 


Hoavx metal 
omitted 


All . 

Fe . 

Zn 

Cll 

Mn 

Mo 

None 


Heavy metal 
omitted 


All... . 

Fe. 

Zn. 

Cu. 

Mn. 

Mo... . 
None.... 


Dibasic nutrient solution purified with 
CaOOs (pH 7.02) 


Dibasic nutrient solution purified with 
CaC0*+FeS04 (pH 0.98) 



Propor- 



A icld 

tion of 
maxi¬ 
mum 
vield ob- 

Acidity 
at har¬ 
vest 

Spolia¬ 
tion 1 


tamed 1 



Mg 

Pei cent 

Pi 1 


9 2 

0.93 

3 33 

1. J- 

20 7 

2 10 

3 10 

1 , hi .... 

10 7 

1.70 

3 14 

1 , i. 

744 3 

75 58 

1 87 

2 , t .... 
2 , bl. 

771 i 

78 33 

1 80 

901 2 

91 51 

1 71 

4, j. 

984 8 

100 00 

2 13 

4, bl. 



Propor- 



Yield 

tion of 
maxi¬ 
mum 

Achlit y 
at har¬ 
dest 

Sporula- 
tion * 


yield ob¬ 
tained J 



Mq 

Per cent 

nil 


10 8 

1.00 

3 10 

hi 

21 3 

2.10 

2 99 

J, bl 

22 7 

2 24 

3 Of) 

1 , bl 

807 7 

79. 55 

1 93 

2 , t 

2 , bl 

805 9 

79 38 

1 NO 

925.8 

91 18 

1 7 f 

4, j 

1,015.3 

100 00 

2.10 

4, bl 


Dibasic nutrient solution purified with 
OaCOi m quartz vessels and culture 
flasks (pH 7.00) 


Untreated dibasic solution 1 modified bv 
substitution of MptfNOjDand Na 2 SO< 
for MgSO« (pH 7 22) 


Yield 

Propor¬ 
tion of 
maxi¬ 
mum 
yield ob¬ 
tained 2 

Acidity 
at har- 
vost 

Sporula- 
tion J 

1 

Yield 

Propor¬ 
tion of 
maxi¬ 
mum 
> leld ob¬ 
tained a 

Audity 
at har- 
vust 

Sporti 

tion 

Mg 

7 4 

Percent 

0 78 

nil 

3.18 

U. 

i,j . 

52.4 

J*ercent 

5.07 

plf 

2.53 

2 , bl. 

28 5 

3.00 

2.95 

174 4 

10 86 

2 00 

4, bl. 

15 0 

1.58 

3 00 

i,J. 

80 4 

7.77 

2.04 

6 , bl. 

839 2 

88.22 

2 17 

3, t. .. . 

910 9 

88.60 

2 51 

2 , w. 

899.3 

94.53 

1.67 

Hr:.: 

754.5 

72 90 

1 81 

2.J 

930 2 

97 78 

1.93 

077.9 

f>5 55 

1.72 

2 , bl. 

951.3 

100 00 

2.06 

6 , bl .. 

1,034 2 

100 00 

2 30 

8 , bl. 


1 Equivalent amounts of Mg(N0 3 )i.6Ha0 and NaaS 04 were substituted for MgS0«.7H*0. 
1 See footnote 3 , table 1. 

* See footnote 4, table 1. 
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As a final check upon the necessity of molybdenum for the develop¬ 
ment of the fungus, three other salts of this element were tested. 
Besides the ammonium molybdate customarily employed, a sample 
of sodium molybdate from the same manufacturer was also used. In 
addition, samples of both these salts purchased from another manu¬ 
facturer were tested in a similar manner. The results obtained with 
all molybdenum salts were quite similar and indicated the necessity 
for this element in the nutrition of Aspergillus niger. 

GROWTH WITH MISCELLANEOUS ORGANIC SUBSTANCES 

The results shown in table 4 were obtained in an attempt to deter¬ 
mine the effects of traces of organic materials stated to contain 
accessory growth substances or of the alleged growth substances 
themselves upon the growth of Aspergillus niger. The absence of 
any increase in maximum yield (compare experiment 1, table 2) as a 
consequence of the addition of these materials would indicate that 

T milk \. Effect of miscellaneous organic substariccs upon the growth of Aspergillus 
niger in a dibasic nutrient solution 



Hen\ \ inoculum* used with 
Minti<m (initial pi1. 7.19; 

Vitamin P * present in solu¬ 
tion (initial pH, 7.18) 

Vitamin C 1 present in solution 
(initial pH, 7 21) 

rienvv 
metal 1 
omitted 

^ irl.l 

Pro¬ 
port ion 

j of 

| maxi¬ 
mum 
yield 
oil- 

tamed 9 

\< Ki¬ 
lt V at 
har- 
\est 

S pop¬ 
ula¬ 
tion i 

Yield 

Pro¬ 

portion 

of 

maxi¬ 

mum 

yield 

ob¬ 

tained® 

Acid¬ 
ity at 
har¬ 
vest 

Spor- 
ulu- 
lion 7 

Yield 

Fro- 

I>ortum 

of 

maxi¬ 
mum 
yield 
ob¬ 
tained 9 

i 

Acid- 
it y at 
har¬ 
vest 

Spor- 
u la¬ 
tum r 


Mg 

1'a cent 

vii 


Mg 

Percent 

/)// 


Mg 

Percent 

pTT 


\1L 

'15 9 

1 30 

2 75 

C.,bl _ 

34.2 

3 43 

2.88 

1, hi. 

30.0 

2.91 

2.81 

4,hl 

Fe i 

119 1 

3“ 27 

1 78 

6, id . 

154.7 

15 52 

2 08 

4, hi.. 

242. 3 

23.47 

1.88 

4, hi 

Zn 

87 5 

x 211 

2 41 

o, hi. 

36 2 

3. 63 

2 81 

4,bl.. 

51.7 

6.01 

1 2 68 

i.hl 

U 

(’ll 1 

855 3 

so u 

3 5f» 

4. t . 

792 5 

79 52 

2 21 

l,t . 

910.3 

88.19 

2 51 

Mm .! 

905 0 

90 17 1 

1 1.73 

2. id 

782 7 

78. 54 

1.78 

2, hi.. 

788. 7 

76.41 

1.72 

2, bl. 

M<> . 

922 5 

SO 11 

. 1, S3 

| 0, bl__ 

783 2 

78. 59 

1.69 

3,j .. 

792 2 

76 75 1 

1 68 

1,1. 

None i 

1,007 3 

too on 1 

; 

3 12 

\bl__ 

996 6 

100.00 

2. 48 

6, bl . 

1,032. 2 

1 (M). 00 | 

2 51 

6, bl. 


Yeast decoction 4 present in solution Mult extract 5 present in solution (initial 
(initial pH, 7.15) pn, 7.17) 


Heavy metal t 
omitted 

Yield 

Pro¬ 
portion 
of maxi¬ 
mum | 
> ield ob¬ 
tained 9 

Acidity 
at har¬ 
vest 

Spolia¬ 
tion 7 

Yield 

Pro¬ 
portion 
of maxi¬ 
mum 
yield ob¬ 
tained 9 

Acidity 
at har¬ 
vest 

Simula¬ 
tion 7 

All. 

Fe. 

Zn.. . 

Cu. . . 

Mn. 

Mo . 

None . 

Mg 

230.4 j 

572.5 1 
264 6 

1,012 8 
932 2 
914.9 
1,053.2 

1 

Pircent 
21 ss 
54 36 
25. 12 
96.16 
88. 51 
86. 87 
100 00 

1 

pll 

2 16 

1 92 
2. 00 
3.29 
1.70 

1.96 

2.96 

6, hi. 

4,j . .. 
8, bl. ... 

4. t . 

6, j _ 

8, hl _ 

9, bl .... 

Mq 

212.3 
469 8 

262.4 
984.1 
952.7 

1,002.2 
1,055 7 

Percent 
20.11 
44 41 
24.86 
93.22 
90.24 
94.93 
100.00 

PIT 

2.01 
1.84 

1 95 

3 28 

1 77 
2.54 

2 96 

1 

ocjx ca x jfe. ss 

1 Heavy-metal concentrations were as follows: Fe, 0.20, Zn, 0.16: Cu. 0.04: 
liter. 

; Mn, 0.02; end Mo, 0.01 mp p?r 


1 Inoculum 20 times standard or about 1.0 ihr ikt fla.sk. 

* Vitamin Bi or vitamin C at 5.0 mp i>er liter. 

4 Yeast decoction, 1.0 co of a 1-percent solution per liter (filtered) 
» Malt extract 10 cc of a 1.6-percent solutiou per liter (Altered). 

• See footnote 3 ( table 1. 

7 See footnote 4, table 1. 
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growth of the “W” strain of Aspergillus niger used in these experi¬ 
ments is not dependent upon accessory growth substances. Owing 
to the writer's inability to obtain a culture of Rhizopus suinus at this 
time, no test of Nielsen's “growth substance B” could be made. It 
should bo noted, however, that Nielsen's maximum yield for Asper¬ 
gillus niger is l,168_b68 mg for 2.5 g of sucrose, while that obtained 
by the author with recrystallized sucrose and without accessory 
growth substances has been as high as 1,192.0 mg per 2.5 g of sucrose. 

The data of table 4 indicate that growth increases obtained by 
investigators with accessory growth materials such as yeast extract, 
malt extract, and similar substances derived from organic materials 
are due, at least partially, to the presenoe of heavy metals in these 
substances. The experiments of table 4, in fact, may be considered 
as biological assays of the iron, zinc, copper, manganese, and molyb¬ 
denum content of these materials. A crude approximation of the 
heavy-metal content introduced can bo arrived at if proportionality 
in cause and effect is assumed. The difference in percentage maximum 
yields between the test solution and the control, divided by the similar 
difference between the maximum and the control, times the optimum 
concentration, equals the amount of heavy metal introduced. 

AN OPTIMUM NUTRIENT SOLUTION 

It was pointed out in a former publication (10) that the mineral 
constituents contained in the Pfeffer optimum solution and in the 
Raulin optimum solution were excessive in quantity because of the 
failure to include all heavy metals essential for the growth of Asper¬ 
gillus niger. The optimum solution (dibasic), as determined by the 
writer, suffers from the same defect, since no molybdenum was added. 
Table 5 affords a comparison of these solutions and of a revised dibasic 
solution which includes molybdenum (0.02 mg per liter), as well as 
iron (0.20 per liter), zinc (0.18 per liter), copper (0.04 per liter), and 
manganese (0.02 per liter). The ammonium nitrate, dipotassium 
phosphate, and magnesium sulphate were used in amounts of 1.90 g, 
0.35 g, and 0.25 g per liter, respectively. The yield at 35° (5. is ap¬ 
proximately 1,175 mg per 2.5 g of sucrose for a growth period of 5 days. 
The coefficient of utilization, t herefore, is about 47 percent. 


Table 5 .—A comparison of optimum solutions giving maximum yields of Aspergillus 

niger 


Solution 

Total con 
tent of 
salts per 
liter 

i 

Hoavj metals added 

Milligrams per liter of indicated elomeut 

N K P Mg S 

PfefTe**. 

Haulm.. 

Dibasic. 

Revised dibasic •L. 

Grams 

17.50 

6 77 

3 08 

2 50 

Fe. 

Fe, Zn. 

Fe, Zn, Cu, Mn. 

Fe, Zn, Cu, Mn, Mo_. . 

3,500.0 
1,017 0 
700.0 
605. 0 

1,435.0 
250.0 
215 5 
157.1 

1, 140 0 
108 0 
i 85.4 
i 61 3 

247.5 
66 0 
59.4 
24.8 

325. 0 
53.0 
2 78 0 
2 32.5 


1 Phosphorus probably in excess. 

2 Sulphur in excess. Actual optimum about 20 mg per liter. 

* Includes heavy metals in following concentrations' Mo, 0.02; Fe, 0 20; Zn, 0.18; Cu, 0.04; and Mn, 0.02 
mg per liter; also Nn«NOj, 1 .90; K s HPO«, 0.35; and MgS0 4 .7Ha0,0.25 g per liter. 
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DISCUSSION 

The evidence obtained with respect to the need of the fungus for 
molybdenum is quite convincing. The action of molybdenum is 
specific as judged by a comparison with that of salts of 54 other chemi¬ 
cal elements, and apparently is not due to the presence of an impurity 
in the molybdenum compounds employed. Its presence aids both 
growth and sporulation and hastens development so that the maxi¬ 
mum yield is attained a day earlier. The results, furthermore, cannot 
be attributed to any peculiarity of the nutrient solution, inasmuch 
as several other nutrient solutions gave similar results. Lastly, its 
inclusion in the formula of the optimum solution results in a decrease 
in the total quantity of salts per liter required for maximum growth 
from M.08 g to 2.50 g, or about 10 percent. 

The fact that growth is still appreciable even though no molyb¬ 
denum has been added to the nutrient solution is without doubt due 
to unremoved traces of molybdenum. The spores used for inoculat¬ 
ing the cultures also probably contain traces of this element^ The 
same condition exists with respect to iron and zinc, and especially 
copper and manganese. In experiments reserved for publication in 
another connection it has been possible to obtain much greater 
differences in growth with and without addition of molybdenum to 
the nutrient solution. The yields are only about 10 to 12 percent of 
those in the complete nutrient solution, or poorer than those reported 
for iron, copper, and manganese in this paper. 

Bortels (d, 4) has claimed that molybdenum and probably vanadium 
are necessary for the process of nitrogen fixation in Azotobader and 
in Rhizobia. Schroder (/>), moreover, considers molybdenum, ns well 
as iron, zinc, copper, tungsten, silica, and perhaps calcium, essential 
for nitrogen fixation by Azotobacter. Though later investigators have 
noted also that growth is accelerated by molybdenum, the impression 
remains that a special connection exists between molybdenum and 
nitrogen fixation. It is doubtful, however, in view 7 of the results with 
Aspergillus vigu, whether the needs of these bacteria for molybdenum 
are limited to the process of nitrogen fixation. Molybdenum, in all 
probability, aids nitrogen fixation primarily because it is an element 
essential for growth and development, even though it may play a 
specific part in nitrogen metabolism. 

The successive decreases in the quantities of nitrogen, potassium, 
phosphorus, magnesium, and sulphur required for maximum yields, 
with more complete provision of the essential heavy metals, 3 probably 
constitute a factor in agricultural practice as well as in nutrient-solu¬ 
tion studies. On the other hand, though the chemical elements 
required only in minute quantities may be assumed to be present in the 
majority of soils in amounts sufficient for maximum yield of green 
plants, it seems likely that at least some if not many exceptions occur. 
The determination of the chemical element essential in minute quan¬ 
tities for plants cannot be considered, therefore, as a problem of only 
abstract importance. 

No evidence could be obtained that Aspergillus niger (“W” strain) 
requires the presence of accessory growdh substances for its normal 
grow'th and development. The diminution in yields of this organism, 
obtained as a result of alcoholic purification of the sucrose of the 

* The presence of molybdenum, as well as of iron, zinc, copper, and manganese, has been detected re* 
peitedly in the ash of tobacco plants by the effects of these metals on the grow th of Aspergtllue niger. 
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nutrient solution, proved to be duo to the removal of zinc and of 
molybdenum. That the procedures adopted are comparable to those 
recommended by others for work of this character would seem certain, 
since as the result of their employment the nutrient solution proved 
entirely incapable of supporting the growth of various Rhizobia and 
Saccharomycetes except upon the addition of other substances. 

On the other hand, the use of organic materials or of substances 
derived from such materials may lead to exaggerated responses 
because of the concomitant addition of heavy metals with the sup¬ 
posed accessory growth factors. The presence in such materials of 
heavy metals essential for grow th is definitely indicated in these experi¬ 
ments and should be taken into account. The employment, for 
example, of a culture medium considered by Allison and Hoover ( 1) 
to be statable for demonstrating the necessity of “eoenzymc R” for 
Rhizobia involves the use of tin excess of calcium salt at pH 6.9 from 
which the clear solution is siphoned. This procedure happens to be a 
variant of the writer’s method of nutrient-solution purification for the 
removal of heavy metals. Utilization of this treatment suggests the 
partial influence of heavy metals on the increases in growth attributed 
to “coonzjnne R.” 

The absence of evidence in confirmation of the results of Nielsen 
and Hartelius ((>) with Aspergillus niger and “growth substance B” 
requires further elucidation, it may be, of course, that the strain 
employed by Nielsen and Hartelius would respond exactly as does 
the “W” strain under these conditions. This might imply that the 
hypothetical “grow r th substance B” is simply a mixturo of essential 
heavy metals, perhaps in organic combination. On the other band, 
there is definite evidence in the literature that the individual accessory 
growth substances are required in markedly different degree even by 
forms in closely related genera. That this would also apply to species 
of the same genus and even to strains of the same species in some 
cases is not improbable. Another interpretation is possible, however. 
Since the necessity for these specialized bodies would imply a loss in 
physiological functions, namely, the ability to synthesize various 
organic chemical nuclei essential for metabolism, its effect would be 
to induce specialization within a more or less restricted habitat. 
That is to say, an organism like Aspergillus niger, which seems to 
grow quite freely on all typos of substrata, would not be apt to 
require accessory growth substances unless these are universally 
present in practically all types of organic materials. 

SUMMARY^ 

The growth and development of Aspergillus niger in synthetic 
nutrient solutions have been studied with special reference to the 
influence of heavy metals and accessory growth substances. The 
results indicate that accessory growth)’substances are not required 
for the nutrition of A . niger (“W” strain)** The decreases in yield of 
this fungus consequent upon utilization of sucrose purified by alcohol 
(the procedure for removal of “bios” and “coenzyme R”) arc due 
almost entirely to the removal of zinc and of molybdenum. Extracts 
of organic materials, also, such as yeast decoction or malt extract, 
when used as a source of assumed accessory growth substance s^m ay 
cause an increase in growth because of the essential heavy metals they 
contain. 
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Molybdenum is essential for the growth and development of Asper¬ 
gillus niger, and therefore cannot be associated exclusively with the 
process of nitrogen fixation in bacteria. An optimum solution (5 
percent sucrose*) for the growth and development of this fungus, con¬ 
taining iron, zinc, copper, manganese, and molybdenum, as well as 
the usual constituents, has a total salt content of 2.50 g per liter. 
Experimental precision within 1 percont in the values of percentage 
maximum yield is attainable with duplicate cultures in replicate trials. 
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CHRYSIS SHANGHAIENSIS SMITH, A PARASITE OF THE 
ORIENTAL MOTH 1 


By D. E. Parker 8 

Junior entomologist, Division of Forest Insect Investigations, Bureau of Entomology 
and Plant Quarantine, United Stales Department of Agriculture 

INTRODUCTION 

Chrysis (Pertta chrysis ) shanghaiensis Smith is a parasite of the 
oriental moth, Cnidocampa flaoescens (Walk.) (3), 3 in tho Orient, its 
native habitat, but attempts to establish it. in the area around Boston, 
Mass., infested with this moth have been unsuccessful. These at¬ 
tempts were made by Femald (-5) in 1917 and 1918, when he liberated 
adults that issued from cocoons of the oriental motli parasitized by 
C. shanghaiensis received from China. Although 6 percent of the 
cocoons collected in 1919 were parasitized, no recoveries from these 
liberations have been made since that time. 

In recent years several sliipments of oriental moth cocoons have 
been made to this country from Japan with the object of introducing 
parasites that might aid in the control of this pest. Among those 
received in 1982 was Chrysis shanghaiensis . 4 This paper presonts the 
results of two seasons’ work with the species and notes on its habits. 
It was intended to conduct experiments the following year, but the 
low temperatures in the winter of 1938-34 killed all tho hibernating 
larvae of Chrysis. 


GENERAL HABITS OF CHRYSIDIDAE 


The majority of the chrysidids are parasites or inquilines of solitary 
wasps and bees. The females lay eggs in the nests being provisioned 
by the rightful owner, and the larvae developing from these eggs eat 
the provisions, or the larvae of the wasps and bees that develop on the 
provisions, or both. 

Mareehal (12), describing the development of Chrysis ignita L. on 
Odynerits parietum, L., stated that the larva of Chrysis consumes the 
partly developed larva of Odynerus and the remaining provisions in 
the nest. 

Ferton (0, ch. f>) observed that some species of Chrysis prevent 
competition from their own kinds by the destruction of all eggs by 
the first larva to hatch. 

Hicks (8) described the habits of Chrysis pacifica. Say, parasitic on 
the mature larvae of Alcidamea brachyodonta Ckll. The host cell is 
stored with pollen. The larvae of Chrysis were found on host larvae 


1 Received for publication Oct. 26,1935; issued April 1936. 

2 'Hie author is indebted to C. W. Collins, in charge of the laboratory of the Bureau of Kntomology 
and Plant Quarantine, formerly at Melrose Highlands, Mass., for making these studies possible, and to 
0. P. Clausen, m charge of foreign parasite introduction, of the same Bureau, for abstracts of papers con¬ 
cerning the habits of Chrysididae. 

* Reference is made by number (italic) to Literature Cited, p. 457. 

4 These cocoons were sent to the Bureau of Entomology laboratory at Melrose Highlands, Mass., by 
L. B. Parker, of the Japanese and Asiatic beetle investigations, who had collected them on the island of 
Shikoku, Japan. 
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of various sizes, but little or no feeding occurred until the host reached 
the prepupal stage. 

Janvier (0, p. 287 ), working with Tetrachrysis carinata Guer., an 
external parasite of the mature larva of Odynerus humeralis Hal. in 
Chile, found that feeding host larvae are not attacked but only 
those that have spun their cocoons. The male Tetrachrysis y after 
feeding for several days on flowers, searches out a host cell and makes 
a hole in it. It is then revealed that this cell contains a female 
Tetrachrysis . The female is seized by the thorax and pulled out 
and mating is then accomplished. 

Chapman (2) recorded observations on Chrysis bidentata L. ( viri - 
dula L.), a solitary, external parasite of the larva of Odynerus spinipes 
(L.) Spin. This species attacks mature larvae of the host in cells 
that are incompletely protected in unfinished burrows. From 6 to 
10 eggs are placed on a host larva, but there is no evidence that 
more^than 1 egg ever hatches. 

Bordage (l) y observing the development of Chrysis lusca var. 
concinna Grib., a parasite in the cells of Sceliphron , noted thSt the 
egg of Chrysis hatches after the host egg hatches and that a combat 
occurs between the primary stages of the parasite and the host. 
If the host egg does not hatch, the parasite larva dies without touch¬ 
ing the mass of food available. 

Maneval (11) cited the only instance of internal parasitism recorded 
for Chrysididae. Chrysis negleda Shuck, is a solitary, internal 
parasite of the larva of Osmia villosa Schenck. The first-instar larva 
of Chrysis enters the host larva and develops as an internal parasite. 

Chrysis shanghaiensis is an exceptional clirysidid, as it is a para¬ 
site of a lepidoptcrous host. The writer has seen no reference to 
any other clirysidid acting as a parasite of a lepidopteron. 

LITERATURE ON CHRYSIS SHANGHAIENSIS 

# Chrysis shanghaiensis was described in 1874 by Smith (15). Moc- 
sary (13 y p. 522) listed shanghaiensis as the only clirysidid parasitic 
on a lepidopterous host. Joannis (10) noted the presence of C. 
shanghaiensis in cocoons of the oriental moth received from China 
from P. R. Gaudissart, a missionary. The adults were determined 
by Gribodo, vho published notes (7) on some of the habits of the 
species which he observed in material received from Joannis. Du 
Buysson (4) presented the distribution of the species, described 
the poison glands of the female, and synonymizod C. hymalaiensis 
Mocs. and C . crassicuta Mocs. with C. shanghaiensis. The early 
attempts of Fcrnald (J) to establish C. shanghaiensis in the area 
around Boston infested with the oriental moth have already been 
mentioned. Piel and Covillard (14)} in a paper on the oriental 
moth and its parasites, devoted considerable space to a discussion 
of C. shanghaiensis , making many valuable observations on the 
habits of the species and describing some of the larval and pupal 
development. 

DISTRIBUTION 

According to Piel and Covillard (14) f Chrysis shanghaiensis is a 
southern form, and they recorded it from India, the Himalayas, 
China, Siam, Sumatra, Java, and Gorontalo. It is also found in 
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Japan. Cnidocampa flavescens is recorded from the Orient, eastern 
Siberia, China, Chosen, and Japan. Since the range of C . shanghaiensis 
does not coincide with that of C. flavescens , it is probable that this 
parasite can reproduce on other Eucleidae found in these regions. 

HABITS 

BEHAVIOR OF ADULTS 

Adults of Chrysis shanghaiensis respond quickly to changes of light 
and temperature. During cool weather or in "subdued light they 
congregate in places that afford protection and concealment. In the 
laboratory they are found between the cloth of the cage and its wooden 
framework, beneath papers upon which the food is placed, or in 
empty host cocoons. In bright light and at higher temperatures 
their activity increases. The antennae vibrate continuously, and at 
intervals the wings produce a rather high pitched buzzing sound. 
This is accomplished without spreading the wings and is apparently 
due to a rapid friction between them. The adults are capable of 
strong and rapid flight. 

Like the adults of various other Chrysididae, they defend themselves 
against attack by wasps or bees by curling the abdomen under the 
thorax so that no soft parts of the body are presented to the sting of 
the aggressor. 

MATING 

Adults of Chrysis shanghaiensis mate readily in cloth cages, or in 
wooden boxes with glass tops, on clear, warm days, and also, although 
more slowly, when there is no sunsliine. The males are very active 
and pursue the females vigorously, vibrating their wings so rapidly 
that they appear as a blur. This causes a humming sound that can 
be heard several feet away. In 15 observed matings the act lasted 
from G to 14 minutes, the average being 8 minutes. None of the 
females mated more than once, but two males mated twice. Attempts 
to obtain further mating by these males were unsuccessful. 

METHOD OF ATTACK 

The cocoons that were attacked in the laboratory had been collected 
in the field by cutting the twigs upon which they were spun, or had 
been formed in the laboratory by last-instar larvae collected in the 
field. Cocoons on twigs of the diameter of a pencil or larger were 
attacked most readily. . 

The female Chrysis approaches a cocoon and examines it with her 
antennae. If it proves satisfactory, she takes a position on the twig 
facing either end of the cocoon. If the cocoon has been spun in a 
crotch formed by two twigs, she can attack the cocoon from the side, 
but normally she prefers the ends. She grasps the twig firmly, the 
posterior legs slightly arched and the anterior legs placed somewhat 
forward, and applies the mandibles about one spot on the cocoon. 
While chewing a hole in the cocoon, she braces the five pointed pro¬ 
jections on the tip of her abdomen against the surface of the twig. 
She holds her body rather rigidly, but as the mandibles are scraping 
about the point of attack she turns her head first one way and then the 
other, making striations that completely surround the central point. 
When a hole is broken through the cocoon, she places the point of one 
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mandible in the hole and that of the other firmly on the surface of the 
cocoon away from the hole. The action then is a rasping and pulling 
one, working from the center toward the mandible which is used as 
an anchor. 

In seven instances this operation required from 10 to 30 minutes. 
In the majority of cases observed, however, it consumed nearly 30 
minutes, the 10-minute period being exceptional. 

The wall of the host cocoon is strengthened by a gradual hardening 
of the cementing substance used in its formation. It was noted that 
cocoons used a few hours after the host larva had completed the 
spinning were not satisfactory for Chrysis. Instead of chewing a 
small, round hole, the parasite would tear a jagged hole in the cocoon 
and leave without ovipositing. This did not occur when cocoons w T cre 
held for 24 hours or more before they were placed with the Chrysis . 

OV1POSITION 

In ovipositing, the female reverses her position on the twig and 
faces aw'ay from the cocoon. The long ovipositor is exserted, ana she 
attempts to locate the hole that she has made in the cocoon. In a 
iew r of the cases observed the hole was apparently not suitable, for 
the female turned and enlarged it. When the ovipositor is fully 
inserted, the tip of the abdomen is practically resting on the cocoon. 

The o\ipositor of Chrysis is about 7 mm long and is very flexible. 
Observations made through an opening in the side of a cocoon showed 
that the female extends the ovipositor around the larva on all sides 
before depositing an egg. Apparently poison is injected during this 
prodding, for the host larva becomes paralyzed. The act of egg deposi¬ 
tion requires from 0 to 30 minutes, the average duration being 15 
minutes. 

After depositing the egg, the female again applies her mandibles 
to the cocoon and scrapes the surface tow ard the hole. The loosened 
material she mixes with an oral secretion and packs into the hole, 
sealing it. The area surrounding the sealed hole is marked with fine 
radiating striations to a distance of about 1 mm. The sealing of the 
hole requires from 9 to 37 minutes, the average being 20 minutes, 
ltarely a female will leave the cocoon without sealing the opening. 

EGG CAPACITY 

Seven females deposited 79 eggs from August 20 to November 7 
under laboratory conditions, or an average of 11.3 eggs per female. 
This seems to be a small number lor such a numerous species, but it 
is slightly larger than the 8- to 10-egg average determined by Piel 
and povillard ( 14 ) for the group of females that they studied. It is 
possible that this species deposits more eggs under natural conditions. 

DEVELOPMENT 

EGG 

The egg of Chrysis shanghaiensis (fig. 1) is deposited externally on 
the body of the host larva w r ithin its cocoon and adheres only slightly 
unless it is deposited on the venter, which in itself has adhesive 
qualities. 
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A freshly deposited egg is dull white, elonguted, rounded, and 
slightly curved, bearing a very short petiole at the cephalic end. The 
surface is finely roughened by crystal-shaped protuberances, wliich are 
more clearly seen on an egg from which the larva has hatched. 

Measurements of 10 eggs showed them to range from 2.1 to 2.5 
mm in length and from 0.4 to 0.5 mm in width. Hatching occurs 
about 4 days after deposition. 

FIRST-INSTAR LARVA 

The newly hatched tirst-instar larva (fig. 2) measures 1.5 to 1.9 
mm in length and 0.5 to 0.6 mm in width. It consists of a large, 
squarish head and 111 body segments which, viewed laterally as in 
figure 2, vary slightly in width for 
two-thirds the length of the body, 
then taper off to a bluntly bifurcate 
posterior segment which is used as 
an aid to locomotion. The body is 
white at first, but it soon becomes 
creamy yellow from the ingested 
food. The pleura bear fleshy lobes. 

The endoskeleton of the head, upon which the mandibles articulate, 
is well sclerotizod. The labrum, labium, and maxillae are fleshy and 
prominent. The mandibles are shown in figure 3, A. 

The tracheal system consists of two lateral trunks starting in the 
prothoracic segment and extending posteriorly, vherc they are joined 
in the twelfth body segment. The spiracles are present in nine seg- 



Fit.uth 1.—Outline diavwiig of an egg of Lluyus 
shanyhau lists. X 20. 



ments, tlie mesothoracic and the first eight abdominal segments. In 
the mctathoracic segment there are well-developed spiracular branches 
but no apparent spiracular openings. 

The first stadium averages 4 days in length. 

INTERMEDIATE IN^TAUS 

There are three intermediate instars. The exuviae can be found just 
behind tho feeding larva or still attached to it. The changes in the 
body in these instars are slight. It becomes relatively stouter, the 
fleshy lobes on the pleura become more pronounced, and the last 
segment loses its bifurcate character with the first molt. The head 
of the larva becomes more hemispherical with each molt and the 
endoskeleton more heavily sclerotized. The mandibles show consider¬ 
able change, as illustrated in figure 3, B, C, and D. 

In the second instar the metathoracic spiracular opening appears, 
and in the rem ainin g instars there are 10 pairs of open spiracles. 

Each of the intermediate stadia averages 3 days in length. 
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LAST-INSTAR LARVA 

When the last-instar larva has completed its growth, there is little 
left of the host except the sclerotic parts of the head and some body 
spines. The larva spins a golden silken cocoon, excluding the remains 
of the host and the meconium. Figure 4 shows an average full- 



FiuuKfe J.--Outline drawings of larval mandibles of Chrysix xhanyhaienxix ■ A, First instar, B, C, ami D f 
intermediate mstars; E , last instar. X 112. 


grown larva, which measured 10.5 mm in length and 5.2 mm in width. 
The last-instar larva is creamy yellow in color. 

Figure 5, showing the head of a mature larva, is given in some 
detail, for it is representative of the head characters found in the 
other instars. The lower part, including the labium and the maxillae, 
is sharply set off from the upper part, bearing the februm, the man¬ 
dibles, and the antennae. The sclerotized features of the labial and 
maxillary regions of the head are hidden by the fleshy labium and 
maxillae. The large brownish mandibles are shown in figure 3, E. 
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PUPA 

Pupation occurs the latter part of June. The pupa is white at 
first. The eyes and the ocelli soon darken, and then the body shows 
a faint greenish reflection which gradually becomes more pronounced 



Fim k* 4 —Mature 1 ist instar larva of C/trym bhanohaienw X 7 


anti finally becomes a deep bluish green with iridescent reflections. 
This gradual coloration progresses from the pronotum and the 
dorsum of the mesonotum to the metathorax, the abdomen, and 
finally to the legs. The pupal stage lasts a month or more, the first 
pupa having been noted on 
June 20 and the first adult 
on July 20. 

LONGEVITY 

The adults of Chrysis 
shanghaiensis live very well 
in confinement on food I 

consisting of either honey \ 

and water (1 to 4) or lump 
sugar and water, the water " t(/ _ 

being supplied on sponges. jr'A r „ /,„ 

Piel and Covillard (14) m»e -* < 

found that the males lived mpa . L ^ j 

12 to 15 days and the fr* 

females more than a month 
under conditions in China. x ^ - 



In experiments at this lab- Fiqurf 5.— Head mature larvu off 'hrj/8i9 8hawffhaieii8iK, X 

a, Antenna, c, clyixuis, tp, epistoina, Ipa labial palpus, lu, 
labial beta, Im, labrum, md, mandible, mpn, maxillary palpus, 
?ns, metopic suture, mae, maxillary seta, />/, pleurostoma ado, 
r , . orifice of silk due t. 

ance of adults started on 


oratory adults lived much 
longer. In 1932 the issu- 


July 20 and extended to August 4, and host cocoons were attacked 
from August 11 to September 22. In 1933 the issuance of adults 
started July 26 and extended to August 24. Aside from two males 
and one female that died a short time previously, six dead males 
were removed on October 10, 47 days after the last adult issued. 
No more dead were removed until October 17, when two females died. 
The last adult died January 20, 1934. The length of fife would be 
considerably shortened in nature because of the cold weather. This 
period of survival was possible under laboratory conditions because the 
adults were placed in a heated insectary. This record includes 97 adults. 
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SEASONAL HISTORY 

Piel and CoviUard (14) found two generations of both host and 
parasite in (Tina, the first generation of Chrysis appearing in the 
latter part of June and the second generation in August. In this 
laboratory the parasites overwintered as mature larvae within the 
host cocoons, the adults appearing late in July and early in August. 
The adults mated soon after issuing and attacked the host larvae 
within cocoons. The larvae became mature about 20 days after egg 
deposition, and each spun a golden, silken cocoon within the cocoon of 
its host and remained in this condition throughout the winter. 

Chrysis was found in all stages of larval development until cold 
weather stopped the activity of the adults. 

INTERRELATIONS OF ClIRYSIS AND CHAETEXORISTA 

Studies were begun on the interrelations of Chrysis shanghaiensis 
and Chaduorista javana B. and B., a tachinid parasite of the oriental 
moth that was established in the infested area in 1929 and 1930, but 
the extreme cold weather during the winter of 1933-34 killed all the 
material that was held in hibernation, making it impossible to con¬ 
tinue this work. 

These incomplete experiments indicated, however, that competition 
exists between these species. Both species develop on the host larva 
within its cocoon, Chaetexorista internally and (hrysis externally. 
A larva of (’Itrysis feeding externally on a host larva containing a 
second-instar larva of Chaetexorista usually matured at the expense 
of Charfexorista . In some instances Chaetexorista developed into the 
third instar, which is normally attained after overwintering. This 
may have been due to the stimulation resulting from the feeding of 
the larva of Chrysis. In such cases the larva of Chaetexorista usually 
matured and formed a puparium, sometimes imperfect or larviform, 
and Chrysis died from lack of food. Some host cocoons were found 
to contain dead larvae of both species. 

FACTORS LIMITING THE EFFECTIVENESS OF CHRYSIS 

Biel and Covillard (14) discussed a chalcid parasite, Eurytoma 
monemae Rusclika, which depends upon Chrysis for its ability to 
oviposit within a cocoon of the oriental moth. This parasite oviposits 
through the plug of material with which Chrysis seals the opening in 
the cocoon made during oviposition. These investigators infer that 
(\hrysis is overcome by Eurytoma in such instances. 

At tills laboratory several larvae of Chrysis in cocoons that the 
female had failed to seal after oviposition were devoured by small 
chalcid larvae w hich proved to be Mellitobia sp. It is believed that 
Mellitobia would be unable to oviposit within a normal cocoon. 

In December 1933 and early in 1934 the temperature in the labo¬ 
ratory yard was as low T as -18° F. This temperature killed all the 
larvae of Chrysis hibernating within host cocoons held in an unheated 
insectary. During the two previous seasons the lowest temperature 
was — 4 ° F., which allowed successful hibernation. % 
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SUMMARY 

Chrysis (Pentachrysis) shanghaiensis Smith is a parasite of the 
oriental moth, Cnidocampa flavescens (Walk.), a post of various shade 
and fruit trees. The oriental moth is established in and around 
Boston, Mass. Parasitized material from Japan yielded this chrysidid 
parasite, and studies concerning its biology were conducted. C. 
shanghaiensis is the only known chrysidid that is a parasite of a 
lepidoptcrous host. 

The adults of Chrysis shanghaiensis are very active and capable of 
strong flight. The females mate readily and attack the larvae of 
the oriental moth by chewing a hole in the cocoon, depositing an egg 
in it external to the host larva, and then sealing the hole. The egg 
hatches in about 4 days, the larvae complete the first stadium in an 
average of 4 days, and the second, third, and fourth stadia in an 
average of 3 days each. The last-instar larva encloses itself in a 
golden silken cocoon, where it remains throughout the winter. The 
larva pupates during the latter part of June, and the adults emerge 
late in July and in the first part, of August. 

The adults live very well in captivity. Of 1)7 adults that emerged 
between July 20 and August 24, only 9 had died 47 days after the last 
adult emerged. The last adult died on January 20, nearly 5 months 
from the termination of issuance. 

Uncompleted experiments on the interrelations of Chrysis shanghai¬ 
ensis and Chaeterorista jarana indicated that some competition 
existed when both species attacked the same host larva. 

One case of parasitism at the laboratory was traced to Afellitobia 
sp., but this occurred only because the oviposition hole in tho cocoon 
was not sealed. The low temperatures of the winter of 1933-34 
proved too severe for the Chrysis larvae held at the laboratory, and 
no doubt such temperatures would limit the survival of this insect 
in the vicinity of Boston. 
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THE INFLUENCE OF VARYING AMOUNTS OF WATER- 
SOLUBLE PHOSPHORUS IN DIFFERENT SOIL TYPES 
ON THE RESPONSE OF CULTIVATED CROPS 1 

B\ () 0. Um an, professor of soils, Department of Aqronomy, Univetsitq of Florida 
Coltiqe of Aqricultmc , and V\ M. Neal, associate in animal nutation, Depart - 
mnit of Animal Husband) //, Ftonda Agncaltinal Expo intent Station 

INTRODUCTION 

A low content of available nutrient elements in the soil is reflected 
in the growth of the vegetation, and often in the welfare of animals 
grazing over such areas. Phosphorus appears to be one of the 
elements deficient in the forage growing on some of the fine sandy 
loam soils in Florida. Lack of phosphorus results in the condition 
known as “sweeny” (phosphorus deficiency) in cattle. This condi¬ 
tion does not occur on the coarser textured soils of the same locality. 

The object of this imestigation was to determine the response 
of different plants to \arying amounts of phosphorus in soils of 
varying texture. Virgin samples of Orangeburg fine sandy loam 
were used as typical of tbe phosphorus-deficient soils, while Norfolk 
sand and Norfolk fine sand w r ere used to represent types on which 
sweeny does not occur. 

REVIEW OF LITERATURE 

The content of water-soluble phosphorus in sands was shown 
by Bryan (3) - to be much higher than that for sandy loams and 
loams even under conditions of heavy fertilization. This was due 
to the greater amounts of phosphate-fixing agents, iron and aluminum, 
in the finer textured soils and was intensified by the removal of soil 
bases through leaching processes. Because of this high fixing power 
of most humid soils the range of soluble phosphorus in the soil is 
limited. This has been shown by a number of investigators (f>, 
7, 8), especially with fine-textured soils, even regardless of frequent 
additions of phosphates. 

Becker, Neal, Shealy, and York (2) found that the phosphorus 
content of the native forage plants growing on the fine sandy loams 
was less than that of the plants growing on coarser textured soils in 
the same locality. The level of phosphorus in the first instance 
was less than that required for the welfare of cattle. Theiler, Green, 
and Du Toit (11), Kckles, Becker, and Palmer (4), Scot) (IJ), and 
others have found that a deficiency of phosphorus in‘cattle was 
due to a deficiency of this element in the* forage vegetation. Mather 
(6) showed that phosphate fertilization of sands and peats increased 
the phosphorus content of the vegetatn e portion of forage, most of 
the increase being in the inorganic fraction. The results of Weide- 
mann (13) confirm the increase of phosphorus in the vegetative 
portion when heavy fertilization is practiced. 

1 Received for publication Oct 1, 1935, issued April 1936 The work rejwrted in this article is one 
phase of the investigation of phosphorus deficiency in cattle as it occurs in Florida, and not only verifies 
the deficiency of phosphorus in the forage grown on atlected areas, but indicates that eveessive phosphate 
fertilization would be required to produce “protective" forage 
1 Reference is made by number (italic) to Literature Cited, p. 406 
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In the veld soils of South Africa, rainfall is often the limiting 
factor (11) so that phosphate additions on the soils where cattle 
suffer from a deficiency of the element do not give consistent in¬ 
creases in yields of forage. Stokes, Warner, and Comp (10) found 
phosphate fertilization to give little or no increase in yield of com on 
the light, sandy soils of central Florida, while marked increases were 
secured on the heavier soils of northwest Florida. Those latter soils 
are in the area where cattle suffer from phosphorus deficiency. 

In general, fine-textured soils have a low content of water-soluble 
phosphorus. This may be increased by phosphate fertilization, but 
to a lesser extent than in the coarser textured soils. Phosphate 
fertilization may increase the phosphorus content of forage, and 
thus prevent the deficiency in cattle. But whether or not this would 
be economical in range soils remains to be shown. 

METHOD OF PROCEDURE 

The soils were placed in glazed, 2-kg earthenware jars and tripled 
with superphosphate at rates varying from 0 to K,000 pounds per 
acre. The cultures also were given a uniform treatment of 500 
pounds of gypsum and 200 pounds of dolomitie limestone per acre. 
These materials were mixed thoroughly with the soils, which w^ere 
allowed to stand for 12 weeks with weekly additions of water, in 
order to permit the soil and the amendments to reach equilibrium. 
At the end of the 12 weeks, nitrogen was added at the rate of 100 
pounds each of nitrate of soda and calcium nitrate, and potash as 
sulphate at the rate of 75 pounds per acre. Mustard (llrassica), 
vetch (Vma) f and sorghum (IJolcus) were used to measure the 
availability oi the phosphorus in the soils. All series were replicated. 

Mustard was planted first and water added as needed. During 
the growth of the crop, soil samples were taken at three intervals, 
and the water-soluble phosphorus was determined colorimetrically 
in 1 to 5 soil-water extracts (12). At the end of 00 days, the plants 
on each culture were cut, dried, and weighed. 

Following the removal of the mustard crop, the soils in each jar were 
mixed, the fibrous roots removed, additions of nitrogen and potash 
made, and the cultures planted to vetch. The crop w r as allowed to 
grow', as in the case of the previous crop of mustard. The water- 
soluble phosphorus w'as also determined as before. At the end of 4 
months the vetch was cut, dried, and weighed, and tho phosphorus 
content determined by standard methods (1). 

hollowing the crop of vetch, the soils w T ere again mixed; potash and 
nitrogen were added as before; and sorghum was planted. How r cver, 
the Norfolk sand was omitted. This crop w r as growm for 60 days, 
before the photographing and the taking of grow th records. The 
phosphorus content of sorghum was determined as in tho case of 
vetch. 

co ^ 11 P ar ^ son a second series of soils was planted to sorghum, 
Norfolk fine sand and Orangeburg fine sandy loam being used. As 
w'ith the other cultures, superphosphates were added in varying 
amounts, but in this case the seed w as planted immediately follow T - 
mg the application of the phosphate. Nitrogen and potash were added 
and the plants allowed to grow for 40 days. 
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RESULTS 

The oven-dry weights of mustard and \ etch as affected by the w ater- 
soluble phosphorus m the soils arc given in table 1. All < allies gh en 
are the average of two or more replications. The relative growth of 
all the crops with different amounts of phosphorus is shown in figures 
1, 2, and 3. Examination of the datft shows that the response of 
mustard and vetch to phosphates on Norfolk sand was small as com¬ 
pared with the response on the Orangeburg fine sandy loam. The 
response to phosphorus on the Norfolk fine sand was intermediate 
between that obtained on the other soils. The growth of mustard 
increased with increase in phosphate applications up to 1,000 pounds 



c 


If ioure 1 -The eflot t of different amounts of phosphorus upon the grow tli of mustard in t, Norfolk sand, 
B, Norfolk fine sand, C, Oraugoburg fine sand> loam All cultures treated alike ext opt for phosphorus 
additions Nos 1 to 7 received 0, P >(M), 1,CKK), l, r i00, 2,(MX), 4,000, and 8,000 pounds of sui>erphosphate Tier 
acre, in numerical order 


per acre on Norfolk fine sand, while the growth increased on Orange¬ 
burg fine sandy loam up to 4,000 pounds per acre. It appears that 
a concentration of 1 part per million of w ater-soluble phosphorus (1 to 
o soil-water extract) will permit maximutn growth of mustard. This 
level w T as maintained w T ith approximately 500 pounds per acre of super¬ 
phosphate on Norfolk fine sand, and 4,000 pounds per acre on Orange¬ 
burg fine sandy loam. 

The data in table 1 show that the Orangeburg fine sandy loam has a 
much higher phosphate-absorbing power than either the Norfolk sand 
or the Norfolk fine sand. A better growth of vetch was obtained on 
the Norfolk soils without phosphates than on the Orangeburg soil 
with a 4,000-pound application of superphosphate per acre. A 
minimum of 0.5 parts per million of water soluble (1 to 5 soil-water 
extract) phosphorus was required to produce appreciable growth, 
while increased amounts produced an increase in growth until a level 
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of about 2 parts per million was reached. This level was higher than 
that required for mustard. The phosphorus content of the vetch 
and sorghum as shown in table 2, in general paralleled the water- 
soluble phosphorus in the soil. The highest phosphorus concentra¬ 
tion attained in vetch was 0.75 percent P 2 0 6 when grown on Norfolk 
sand with 15.8 parts per million of water soluble phosphorus. The 
greatest concentration of water-soluble phosphorus in the Norfolk 
fine sand was approximately 8 parts per million while that for the 
Orangeburg fine sandy loam was 0.9 parts per million (table 1). 
But the phosphorus content of vetch from these two soils was less 
than that on the Norfolk sand (table 2). 


Table 1 . —Yield of mustard and vrtch grown on three soil types as influenced by 
different amounts of water-soluble phosphorus 



Water-soluble phosphorus in extracts 

Oven-dry yield of crops from 

(’rop and acre rate of super* 
phosphate applied (pounds) 

Norfolk 

sand 

Norfolk 
fine sand 

Orangeburg 
fine sandy 
loam 

1 _ i 

Norfolk 

sand 

Norfolk 
fine sand 

Orangeburg 
fine sandy 
loam 

i 

Mustard ' 1 

0 ___. J 

500.. 

1,000 - . 

P. p. m. \ 

1 

2. a 

P. p. m l 

1 0 

1 4 

1 8 

P. p.m. \ 
0 20 1 
.28 
.36 

Grams \ 

1 24 

2.4 1 

2.5 

Grams 

2.4 

3.6 

4.1 


Oram* 

0.3 

1.1 

2.3 

1,500 

5.8 

2.2 

.39 

2.5 

4.3 

3.7 

2,000 . 

7.8 

2.9 1 

.58 

2.4 

4.4 

4.1 

4,000 

9.6 

4.3 

.85 

2.6 

4.0 

4.5 

8,000 

Vetch** 

17.2 

10.3 

1.90 

2.4 

4.6 

4 2 

0 .. 

.6 


1 

( a ) 

1 8 

1.5 

.62 

500 

.9 


1 

0) 

1.6 

1.4 

.41 

1,000 

1.2 

.8 

0) 

2.0 

1.4 

.35 

1,500 

2.2 

1.6 

.12 

2.2 

2.1 

.51 

2,000 

3.2 

2.7 

.25 

2.2 

2.2 

.90 

4,(KM) 

8,000 

5 8 

3.1 

58 

2 7 

2.7 

1.90 

15.8 

8.1 

.90 

2.1 

2.5 

2.40 


1 Superphosphate mixed with the soil 4 months fallow; planted to mustard; harvested after 60 days. 

* Vetch followod mustard without additional superphosphate, but with additions of nitrogen and potash; 
harvested after 120 days. 

* Trace. 


Table 2. —Phosphorus content of vetch and sorghum grown on three soil types as 
influenced by rate of phosphate fertilization 


Crop and acre rate 
of superphosphate 
applied (i>ounds) 

Phosphorus content of crops 
from 

Crop and aero rate 
of superphosphate 
applied (pounds) 

Phosphorus content of crops 
from — 

Norfolk 

sand 

Norfolk 
fine sand 

Orange¬ 
burg fine 
sandy 
loam 

Norfolk 

sand 

Norfolk 
fine sand 

Orange¬ 
burg fine 
sandy 
loam 

Vetch » 

0. 

Percent 

0.114 

.109 

.114 

.118 

.170 

.249 

.328 

Percent 
0.092 
.087 
. 100 
.114 
.153 
.197 
.280 

Percent 

0.087 
.092 
.087 
.087 
.096 
.118 
.157 

Sorghum: * 

0. 

Percent 

Percent 

0.083 

.074 

.100 

.105 

.144 

.201 

.223 

Percent 

0.070 

.083 

.079 

.092 

.100 

.105 

.157 

500... -. 

1,000. 

1,500. 

2,000. 

4,000. 

8,000. 

500. 

1,000. 

1,500 . 

2,000.. 

4,000. 

8,000. 






1 Vetch followed mustard without additional superphosphate, but with additions of nitrogen and potash; 
harvested after 120 days. 

* Sorghum followed vetch without additional superphosphate, but with additions of nitrogen and potash; 
harvested after 60 days. 
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Figure 2 —The effect of different amounts of phosphorus on the growth of vetch in A, Norfolk sand* 
B Norfolk fine sand C, Orangeburg fine sandy loam All cultures treated alike except for phosphorus 
additions Nos 1 to 7 received 0 500 1 000 1 500 2 000 4 000 and 8 0( 0 pounds of superphosphate per 
acre in numerical order 



Figure 3 -The residual effect of varying amounts of phosphorus on the growth of sorghum m A, Norfolk, 
flue sand, B, Orangeburg fine sandy loam The sorghum represents the third crop following the 
application of phosphorus Nos 1 to 7 received 0,600,1 000,1,600,2,000, 4 000, and 8,000 pounds of super¬ 
phosphate per acre, in numerical order 
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The residual effects oi the phosphate on the third crop are shown 
in figure 3, as compared with the initial effects in figure 4. These 
figures show t hat w hen sorghum w as the initial crop, maximum, growth 
occurred on the Norfolk fine sand at an application of 500 pounds 
of phosphate per acre, while additional increments on the Orange¬ 
burg soil up to 2,000 pounds produced additional increments of 



Fmi hi- 4 1 lie initial eiltnt of \ arv ing amounts of phosphorus on the growth of sorghum in Norfolk fine 

sand ( 1), and Orangeburg fine smith loam {IS) Ml cultures treated alike except for phosphorus addi¬ 
tions Nos 1 to r > reecued 0,5UU, 1,U00, l, r i(K), and 2,000 pounds of superphosphate jwr acre, in numerical 
order 

growth But when sorghum was the third crop, the original appli¬ 
cation of phosphate had become depleted or absorbed by the soils 
to such an extent that it required a 2,000-pound application for max¬ 
imum growth in the Norfolk soil and 4,000 pounds in the Orangeburg 
soil. 

The residual effects of the phosphate on the phosphate content of 
sorghum are also shown in table 2. Here, as in the case of the crop 
of vetch, the phosphorus content of the sorghum increased with the 
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content of water-soluble phosphorus in the soil. The results indi¬ 
cate that sorghum responds to phosphate fertilizers equally as well 
as vetch, but mustard apparently does not respond to phosphates as 
readily as do either of the other two crops. 

DISCUSSION OF RESULTS 

The response of the three crops to phosphate fertilization on these 
representative soils bears out expectations. The Orangeburg fine 
sandy loam would naturally fix the phosphates more completely than 
either the Norfolk sand or fine sand, because of the difference in 
fixing agents (silt and clay) even where lime is applied. This fixation 
was indicated by the difference in water-soluble phosphorus, growth 
of the plants, and phosphorus content of the plants. 

Under the conditions of this study it appears that a concentration 
of water-soluble phosphorus (1 to 5 soil-water extract) equivalent to 
0 5 part per million was required to secure appreciable crop growth. 
Increased concentration produced increased growth until a level of 
approximately 2 parts per million was reached. The phosphorus 
content was in general proportional to the water-soluble phosphorus 
in the soil but the general level was less in the Orangeburg soil than 
in the Norfolk soils. 

The phosphorus content of the plants is comparable to that obtained 
by Becker, Neal, Shealy, and York (2) in wiregrass growing on areas 
oi these soils. Fi\e samples of wiregrass from the Orangeburg soils 
average 0 082 percent of phosphorus while eight samples from the 
unaffected areas averaged 0 133 percent. During the investigation 
of nutritional anemia, 35 samples of wiregrass from sands, fine sands, 
and loamy sands, representing sweeny-free areas, averaged 0.159 per¬ 
cent of phosphorus, according to Becker, Neal, Shealy, and York (2). 

Because of the crowded condition of the roots in the small volume 
of soil used in this study the level of water-soluble phosphorus for 
maximum growth in the different soils would probably be different 
with different volumes of soil, but the response for the different soils 
would be comparable. 

SUMMARY 

A study was made in which xarying amounts of superphosphate 
(0 to 8,000 pounds per acre) were added to Norfolk sand, Norfolk fine 
sand, and Orangeburg fine sandy loam. Mustard, vetch, and sor¬ 
ghum were used as test plants. Water-soluble phosphorus in soil 
extracts, yields of crops, and phosphorus content of the plants were 
determined. 

The plants did not respond to a concentration of water-soluble 
phosphorus greater than 2 parts per million. A concentration of 0.5 
part was necessary to secure appreciable growth of sorghum. The 

f rcatest response to phosphate addition was on the Orangeburg soil. 

’ho phosphorus content of the plants w’as proportional to the water- 
soluble phosphorus content of the soil. Because of the high fixing 
power of the Orangeburg soil for phosphorus, larger applications of 
the element were necessary 7 for maximum results. 
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THE FUNCTION OF COPPER IN SOILS AND ITS RELA¬ 
TION TO THE AVAILABILITY OF IRON AND MANGA¬ 
NESE 1 


By L. (1. Willis, soil chemist , and «). R. Piland, assistant soil chemist , Department 
of Agronomy , North Carolina Agricultural Experiment Station 

INTRODUCTION 

Early experiments on the peat soils of North Carolina have shown 
a striking negative correlation between yields of corn and the accu¬ 
mulation of iron in the nodal tissues. 2 Studies of the oxidation-reduc¬ 
tion potentials of these soils were undertaken in an attempt to asso¬ 
ciate the increase in the soluble iron content of the soil with factors 
favorable to reductiveness. It appears from the data obtained 3 that 
the soil potential is governed by an equilibrium between oxygen and 
the products of microbial decomposition of the organic matter of the 
soil. 

While the exact nature of the oxidation-reduction reaction involved 
is not clearly apparent, it seems that it is chemical and spontaneous 
rather than biological. According to this concept, equilibrium poten¬ 
tials are dependent on a constantly replenished supply of oxygen and 
of the reductive product of microbial activity. Tho concentration of 
the latter appears to be extremely low, whereas the supply of oxygen 
is limited only by the factors governing aeration. 


THE EFFECT OF COPPER ON SOIL POTENTIALS 


Early m the work on this problem it was considered probable that 
with adequate aera¬ 
tion, the concentration 
of the reductive com¬ 
ponent could be de¬ 
creased by a catalyst 
that would accelerate 
the chemical reaction. 

With an abundant 
supply of oxygen, 
therefore, such a cata¬ 
lyst should raise the 
soil potential, whereas 
with deficient aeration 
the potential should be 
lowered, provided in 
t-lie latter case the catalyst did not prevent microbial growth. 

Evidence supporting the first of these assumptions is given in 
figure 1. The soil was a Dunbar fine sandy loam moderately high in 
organic matter. The copper sulphate was added to a suspension of 
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Figure 1 —The effect cfa oxidation-reduction potentials of copj>er sul¬ 
phate added to limed and unhmed Dunbar fine sandy loam m aerated 
water susi>ension. 


1 Received for publication Oct. 22, 1935; issued April 1936. Published as paper no 84 of the Journal 
Series of the North Carolina Agricultural Experiment Station. 

2 Sherwin, M. E. soil treatments to overcome the injurious effects of toxic materials in 
eastern north Carolina swamp land. Jour. Elisha Mitchell Sci. Soc. 39: 43-48. 1923. 

1 Willis, l. G. some potential changes induced ry liming suspensions of a peat soil. N. C. 
Agr. Expt. Sta. Tech. Bull. 47,16 pp., Ulus. 1934. 
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the soil which was then shaken in the air for 24 hours and the poten¬ 
tials were determined in equilibrium with air. 

The other assumption was verified by noting the potentials of 
deaerated suspensions of a peat soil without and with added copper 
sulphate. The results, shown in figure 2, suggest an activation of 
the micro-organisms in the suspension due to the addition of the 
copper sulphate, since the negative trend is most rapid with this 
treatment at the higher pTl levels. In the more acid suspensions, 
however, there is a reversal of the sign of the slope of the potential/pll 
curve. Similar results have been observed in other work on soil 
potentials without the addition of copper sulphate and it has been 
assumed that these can be ascribed to increased activity of other 
metallic elements as well as copper that may be associated with greater 
solubilities at the lower pH levels. The type of potential/pH curve 
obtained with the suspensions containing copper is suggestive of 

interesting possibili¬ 
ties for furt her study. 
Attention has beeft 
giien recently to the 
linear character of 
soil potential/pll 
curves. Without 
attempting to ex¬ 
pand the discussion 
beyond the scope of 
this article, it should 
be pointed out that 
this relation holds 
only where aeration, 
microbial activity, 
and other factors 
contributing to 
the oxidation-reduction equilibrium can be treated as constant values. 

Considerable emphasis has been given to the organic-matter content 
of the soils that June been used in oxidation-reduction studies. 4 
These soils ha\e been used largely for the purpose of determining 
fundamental relationship* and trends. In soils of low' organic- 
matter content it is not improbable that the reductive effects of 
microbial activity are developed only in the rhizosphere. 5 Potentials 
in such minutely localized zones would not be measurable but they 
may he expected to exhibit characteristics similar to those found in 
the more highly organic soils. 

It has been suggested ( ‘ that copper acts as an oxidizing catalyst. 
From the foregoing evidence it appears that this element activates 
oxidation-reduction reactions in the soil. The mechanism of this 
activation is not indicated by the results, but in consideration of the 
effectiveness of relatively small amounts of copper the function would 
appear to be catalytic. 

4 W'iu is, L O See footnote 3. 

1 Starker, k L somi* infi t encks of the pkneiopment of hk.her pl\nts i pon the microorgan¬ 
isms is th* soil I\ INFI l LN( EOF PROXIMITY TO ROOTs ON ABUNDANCE \V1> ACTI\m OF MIC ROORGANIMMS 
Soil Sci A2 .<87 393 19*1 « 

•(Jacks, U V m and Scherbatoff. H soil deficiencies and pi wt dhf asf> Imp Bur Soil Scl 
Harpendeni Tech Cormnun. 31. WW. 



Him Kt j oxidation reduet ion |>oten toils of (leaf-soil susjvenstons at 
different pi 1 lex els«» da\s after the removal of owgen -t,\o copper 
sulphate added li , eopjier sulphate added 
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EVIDENCES OF COPPER-IRON ANTAGONISM 

Much of the evidence to be reported consists of a series of tests of a 
hypothesis of an antagonistic effect of copper relative to iron. Orig¬ 
inally it was assumed that this could be attributed to a direct oxida¬ 
tion of tbe iron in the soil. Apparently the reactions involved are 
more complex than this, yet the hypothesis has been of considerable 
value as a basis for experimentation. 

The first experimental test of the hypothesis, in which it was shown 
that the iron content of corn plants grown on a peat soil could be 
reduced by applications of copper sulphate, has already been pub¬ 
lished. 7 A statement of the hypothesis was purposely avoided in 
that publication pending more supporting evidence. This is furnished 
bv the following observations and data which are presented in 
sequence. 

RESULTS WITH CORN 

A field-plot experiment w r ith corn (Zea mays) on a peat soil w r as 
designed to incorporate all the soil treatments that prior experiments 
had shown to be favorable. The first crop was virtually a failure on 
all plots. Between seasons some of the soil was put into pots in the 
greenhouse so that tests could be made of various supplementary soil 
treatments. Of these, only copper sulphate gave any evidence of a 
definite effect. With this compound the seedling corn made a rapid 
early growth, but the leaves soon became chlorotic between the veins. 

An application of a 1-pcreent solution of ferrous sulphate rubbed 
lightly on sports on these chlorotic leaves caused a number of them to 
turn green (fig. :}). Spots rubbed in a similar manner w T ith distilled 
water did not change, nor w r as there any effect noted where manganous 
sulphate was applied alone or with the ferrous sulphate. 

It was evident that the application of copper sulphate to the soil 
produced an iron-deficiency chlorosis. Since the copper sulphate was 
applied in a thin layer midw ay of the depth of the soil in the pots, it 
does not appear reasonable to conclude that the copper modified the 
properties of the soil mass. These results raise the question whether 
the copper w r as effective in the soil or in the plants and also whether 
the manganese had an effect similar to that of copper. 

RESULTS WITH COTTON 

Later a series of solution culture experiments was started with 
cotton {Gossypium kirsutvm). Copper, zinc, manganese, and boron 
were added uniformly from a stock solution to all "the cultures in 
amounts supplying 0.1 mg of each of Ihe elements per liter of solution. 
Iron was supplied as ferric citrate. In the first attempt a severe 
iron-deficiency chlorosis developed in the fifth leaf of the plants. The 
w r ork was repeated with the omission of the copper-zinc-manganese- 
boron solution until the plants were 10 inches high. No chlorosis 
developed until the plants were over 2 feet high. Then the terminal 
leaves became chlorotic in the cultures supplying nitrogen as sodium 
nitrate. The use of the copper-zinc-manganese-boron solution was 
discontinued and the affected leaves became green within 4 days. 

7 Willis, L O , and Piland, J R the influence of ioppkb sli phatf on ikon \bsokption by iorn 
PLANTS Soil Sci 37 79-83. lllus 1934 
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Obviously no question of the oxidation of iron is involved in this 
case. While the use of the four-element stock solution was a matter 
of convenience, it w as assumed that the copper salt was the significant 
component. Attention was therefore centered on this element with- 



A B 


Fjm RE .1 —Iron-deficieuc> chlorosis produced in corn leaves by the addition of eopjwr sulphate to a peat 
soil A, leaf of plaut grown in soil without treatment, B , leaf of plant grown in soil to which copper 
sulphate was added, a green area produced bj the external application of ferrous sulphate solution being 
show n at a 

out prejudice toward a possibility of a similar effect of the others. 
Possibly the copper effected the decomposition of the citrate radical, 
or the inactivation of the iron may have taken place within the plant. 
Another possibility carries the implication that the iron of ferric 
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citrate must bo reduced before it becomes assimilable by plants and 
that copper prevents this reduction. This point must be verified 
before it can be given serious consideration. 

The delayed onset of the iron-deficiency chlorosis in the solutions 
supplied with sodium nitrate occurred at the time that blossom buds 
were beginning to form. Whether or not the effect has any relation 
to physiological changes developing at this period of growth is debata¬ 
ble, but the difficulties of the translocation of relatively insoluble 
elements through long stem growth may have a bearing on the effect 
of copper. 

Identification of Copper Effect 

In an effort to verify the assumption that the effect of the stock 
solution could be attributed to copper, some cotton plants that had 
been grown in solution cultures without copper or manganese were 
used as indicators. Iron had been supplied as ferric citrate for the 
early growth of the plants, but later inclusion of iron was discon¬ 
tinued until the plants showed a definite chlorosis symptomatic of an 
iron deficiency. 

The stems were split from the base for a distance of about 2 inches, 
leaving approximately one-half of the lateral roots on each segment. 
Nutrient solutions were put into 500-ml Erlenmeyei flasks which were 
bound together in pairs so that the tops were in contact and at the 
same level. The plants were transferred to these flasks, one segment 
being inserted into each of the paired flasks. 

The nutrient solution used had the following composition in grams 
per liter: Monopotassium phosphate, 0.0892; dipotassium phosphate, 
0.1140; sodium chloride, 0.0262; potassium sulphate, 0.1550; potas¬ 
sium chloride, 0.132G; magnesium sulphate -7 H 2 0, 0.1363; calcium 
chloride -2 JI 2 (), 0.0992; sodium nitrate, 0.1900. 

In addition to this, ferric citrate and copper sulphate were added as 
shown in table 1. 

Since it has frequently been observed that symptoms of deficiencies 
of some of the minor essential elements are not correctable in older 
leaves, all of these were removed at the time the plants were trans¬ 
ferred to the flasks. 

Within a week it was unmistakably apparent that the leaves of 
plants in the A series were becoming normally green. In the O scries 
no evidence of recovery was observed, while the plants in the B series 
were intermediate in color in the early stages of growth. Later the 
differences between the A and B series became indistinguishable. 
The contrast in color of leaves from the A and C seriesis indicated in 
figure 4. Identification of the iron 'deficiency was made by spot 
treatments with ferrous sulphate on the surface of the leaves from the 
C series (fig. 4, 7?, a). It appears from this evidence that the effect 
of copper is largely external to the plant, but the delayed onset of 
iron deficiency in the preceding solution-culture experiment suggests 
the immobilization of iron within the plant as an additional factor. 
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Jn i Kt -1 Iron deficit nr \ chlorosis in lotton leaves resulting from the addition of topper sulphate to 
< ulturr solutions L solutions (ontaining ferric citrate series \ B solutions containing feme citrate 
and r opper sulphate series t a gieen area produced by the external application of ferrous sulphate solu¬ 
tion being shown at a 

Tablj 1 /ion and copper additions made to nutrient solutions used m identify¬ 
ing the effect of copper upon cotton plants grown therein 


Series 


h lask no 


\ddition 


A. 

B 

C 


'{i 

'I 


Perm titrate 
Nothing 
Feme citrate 
Copper sulphate * 

Ferric citrate and copper sulphate 
Nothing 
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EVIDENCES OF COPPER-MANGANESE ANTAGONISM 

Another case bearing on the effect of copper lias been given some 
attention. Fairly extensive areas of soil in the upper Coastal Plain 
have failed occasionally to produce cotton satisfactorily. Some of 
this soil was shipped to Raleigh, N. C., and used for pot experiments. 
The pH value of the soil was 4.9. In the first series of pots it was 
found that lime was without effect and that fertilizer reduced the 
growth of the cotton plants. Some benefit was noted where copper 
sulphate was added to the soil receiving lime and fertilizer with lime. 

In a second series of pots, fertilized with ammonium phosphate, 
ammonium nitrate, and potassium chloride supplemented with vary¬ 
ing amounts of calcium sulphate, the best plants were produced on 
the soils receiving the minimum amount of calcium sulphate. A 
qualitative analysis of plants from these pots gave strong positive 
tests for manganese. 

Samples of soil and cotton stalks were then obtained in midwinter 
from fields showing the characteristic damage in varying degrees. 
The trouble could be correlated with the manganese content of the 
stalks very closely, as is shown in table 2. 


T \blk 2 —Severity of symptoms in abnormally developing cotton plants as associatfd 
with the soil pH and the manganese and iron content (parts per million) of the 
stalks 


Mmptoms 

Tof 

ill 

Manganese 
content 
of plants 

Iron 

(outenl of 
plants 

i 

S> inptoms 

1 H of 

soil ! 

M anganese 
content 
of plants 

Iron 

content of 
plants 

Might 

4 H 

20 

44 

M oderate 

5 r ) 

15 

4b 

bevere . 

4 6 

*i2 

4s 

Do 

fi 5 

23 

t >2 

blight 

1 0 

20 

'25 

Do 

5 r> 

29 

« 

Severe 

4 (> 

r )3 

3X 

se\ere 

5 5 

30 

14 

None 

’’ 7 

10 

20 

N one . 


11 

21 


No significant correlation was found between the poor growth of 
cotton and either the pH of the soil or the iron content of the stalks. 

The soils showing the severest symptoms gave definite qualitative 
tests for manganese in the water extracts from 5-g samples and 
stronger tests with the sodium chloride extract. 

Further investigation established the fact that the soils invoked 
were invariably found on the second bottom of rivers draining parts 
of North Carolina and Virginia where soils originating from rnan- 
ganiferous basic igneous rocks are common. It was concluded from 
the evidence that the manganese fount! in these soils existed in the 
bivalent form in the exchange complex and that it was not readily 
oxidizable to insoluble forms. 

It has been found elsewhere in North Carolina that manganese 
becomes insoluble to the point of deficiency only in soils naturally 
high in organic matter. 8 A third series of pots was therefore started 
in which organic matter in the form of finely powdered peat was 
added. No improvement was observed in the cotton grown on this 
soil. In fact, the plants grown where lime was added showed abnormal 
structural deformities characterized by deeply lobed leaves and no 

* Willis, L U , and Mann, H H wanc.anksk as a kkrtiii/er. Amer Fert 72 (D (21J-24, illus, 
1930 
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elongation of the internodes. After 6 weeks it became evident that 
no further development was being made. At that time 0.1 g of 
copper sulphate was added in solution to the surface of the soil in 
each pot. The plants responded noticeably within 2 days and in 2 
weeks had become normal in all respects (fig. 5) In no prior case 




Fioujuc 5 —Maximum growth of cotton plants in soil tontaimng an oxtess of soluble manganese, limed 
(i4) and unlimed (B), and condition of the same two plants respectively (C and D) 2 weeks after the 
addition of copper sulphate. 


had any healthy lateral roots developed on any plants. Within 2 
weeks after the addition of the copper sulphate, however, the growth 
of lateral roots had extended throughout the soil in all pots, although 
it is hardly probably that the copper sulphate had penetrated deeply 
into the soil. 
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A fourth attempt at the solution of this problem was made, but in 
this case cotton grew normally in all the pots irrespective of the 
treatments. The soil had been stored dry in the greenhouse while 
the work was in progress and this seems to have eliminated the in¬ 
jurious factor. Inquiries regarding the trouble in the field have 
brought the unanimous opinion from farmers that crops are damaged 
severely only in wet seasons. 

Although the evidence is not conclusive, there is some support for 
the assumption that the maintenance of manganese in a state of 
oxidation in field soils is dependent on the presence of a catalyst such 
as copper. 

SUGGESTED LIMITATIONS TO THE USE OF COPPER SULPHATE 

IN SOILS 

The foregoing results support the conclusion that copper sulphate 
as it is generally used in soils serves largely as a soil amendment for 
the correction of conditions under which the excessive concentrations 
of soluble iron and possibly manganese exist. It is not impossible, 
however, that there are occasional instances of soils in which copper 
is deficient in an absolute sense and where this element may be needed 
as a direct plant nutrient. 

It would seem that copper sulphate would be most beneficial when 
applied to aerated soils having a high content of decomposable organic 
matter. Where the oxygen supply is limited the effect of copper may 
be injurious. In well-aerated soils low in total iron and organic 
matter, copper may cause an iron deficiency except at low pH values. 
Until these factors have been more completely investigated the indis¬ 
criminate application of copper sulphate to soils would appear to be 
inadvisable. 

SUMMARY 

Data already published indicate that the oxidation-reduction poten¬ 
tial of soils is governed by an equilibrium between oxygen and a 
chemically active reducing compound which is the product of micro¬ 
bial activity. 

It was assumed that this equilibrium coidd be modified by a cata¬ 
lyst such as copper added to the soil and that this would be reflected 
in the solubility of the iron compounds of the soil. In preliminary 
tests it was found that copper sulphate increased the potentials of 
an aerated soil suspension but decreased the potentials when air was 
excluded. The significance of these effects was indicated by pub¬ 
lished evidence that copper sulphate decreases the iron content of 
corn plants grown on a peat soil. 

Com grown on an unproductive peat soil became chlorotic when 
copper sulphate was added to the soil. The chlorosis was identified 
as being due to an iron deficiency when ferrous sulphate applied 
externally to the leaves caused the development of a green color. 
The application of manganese sulphate alone or in combination with 
ferrous sulphate had no visible effect. 

Cotton plants grown in solution cultures containing either nitrate 
or ammomacal mtrogen and ferric citrate, copper, manganese and 
zinc sulphates, and boric acid developed an iron-deficiency chlorosis 
in their early growth. In a repetition of the work with the addition 
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of manganese, zinc, copper, and boron delayed, a chlorosis devel¬ 
oped in the plants receiving nitrate nitrogen when they were 2 feet 
high. Following the elimination of the four elements from the solu¬ 
tion the affected plants rapidly became green. 

An experiment in which the roots of iron-deficient cotton plants 
were divided between two solution cultures has given evidence that 
copper sulphate will produce an iron-deficiency chlorosis. It appears 
that this effect is due largely to reactions external to the plant, but 
there is also e\idence of immobilization of iron within the plant under 
the influence of copper. 

Further evidence in support of the assumption that copper serves 
as a catalyst of oxidation-reduction reactions is presented by a pre¬ 
liminary study of a field soil problem. The soil contained abnormally 
large q uantities of w ater-soluble and exchangeable manganese. Bene¬ 
ficial effects were observed following applications of copper sulphate 
or a prolonged drying of the soil. 

Copper sulphate senes as a soil amendment, decreasing the avail¬ 
ability of iron and possibly of manganese. The effect may Unfavor¬ 
able or not depending on the oxidation intensity and the iron and 
manganese content of the soil. 
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THE EFFECT OF DIFFERENT COLD 
RIALS ON THE TOXICITY OF CALCI 
MILLET 1 

By Philip L. Gile 

Senior chemist , Soil Chemistry and Physics Research Division, Bureau of Chemistry 
and Soils , United States Department of Agriculture 



INTRODUCTION 

At one time it was generally assumed that the arsenical and other 
poisonous sprays used for controlling insect pests had no injurious 
effect on soil productivity. This may have been true years ago, 
when the quantities applied were usually small, but it apparently 
does not hold for the much heavier applications that are frequently 
used at the present time. Albert, Cooper, Paden, and others at the 
South Carolina Agricultural Experiment Station (l, 2 , 3 , 7, 8 ) 2 have 
shown, for instance, that the comparatively large applications of 
calcium arsenate used to control the boll weevil may injure the soil 
for subsequent crops. According to their observations, sandy soils 
are more susceptible to injury from such applications than heavier 
soils and gray soils are more susceptible than red soils. Dratschew 
(3) has shown that a clay may adsorb 1.04 percent of its weight in 
arsenate ions from a 0.1-normal solution, but he has not studied 
the effect of such adsorption on plant growth. 

It seemed from previous work that the resistance of soils to arsenic 
injury should be determined by the kind of colloid in the soil as well 
as by the amount. It also seemed probable that the various effects 
of the colloids on calcium arsenate would be correlated with the 
silica-sesquioxide ratios of the materials, since the fixation of phos¬ 
phate ions is so correlated. Accordingly, experiments were conducted 
with 30 soils and subsoils to compare the effects of the colloids on 
the toxicity of calcium arsenate. 

METHODS 

The method employed was similar to that used in a nrevious study 
of the effects of soil colloids on the efficiency of superphosphate (10). 
Foxtail millet (Setaria italica) was grown in different soil-sand mix¬ 
tures, each of which contained sufficient soil to supply 1 percent of 
colloidal material to the mixture. Increasing applications of calcium 
arsenate were made to each mixture and the oven-dry weights of 
the crops determined. By plotting yields against calcium arsenate 
applications, the quantity of arsenic pentoxide required to reduce 
the yield by one-half could be determined for each soil-sand mixture. 
These quantities, minus the quantity of arsenic reducing the yield 
one-half in pure quartz sand, gave figures for comparing the effects 
of the different colloids on arsenic toxicity. 

1 Received for publication Oct. 21, 1935; issued April 1935. 

2 Reference is made by number (italic) to Literature Cited, p. 490. 
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It will be seen from the curves in figure 1 that similar comparative 
values would have been obtained if the soils or colloids had been 
compared on the basis of the arsenic required to reduce the yield 
by one-fourth, three-fourths, or by any specified amount. But the 
minimum lethal dose could not well be used for comparison, since 
this value is not sharply defined. 

It will be noted that in this experimental procedure the material 
added to the sand is not the pure colloid but the whole soil in an 
amount inversely proportional to its colloid content. This pro¬ 
cedure, of course, gives a comparison of the colloids only in case the 
noncolloidal soil material is without effect on the toxicity of calcium 
arsenate. This assumption is probably substantially correct, since 
many studies indicate that the reactions of soils to various salts 
are confined almost exclusively to the colloidal material. Thus, in 
the following pages when the effect of the soil colloids is discussed 



Mutmi* l -Kffct ts of increasing quantities of calcium arsenate on the growth of millet m soil-quarts sand 

mixtures 

it is understood that an assumption is involved which seems to be 
w ell justified by recent soil investigation. 

It may seem that any assumption at all could have been avoided 
by using the isolated colloidal material. But, aside from its diffi¬ 
culties, this procedure would have led to known errors. Part of the 
colloid cannot be extracted from certain soils by present methods, 
and, still more important, the properties of the colloid are altered 
by the extraction process. Although the alteration may have slight 
effect on certain laboratory determinations, it may affect plant 
growth markedly if the freshly extracted colloid is used, as has 
previously been shown (10). 

Except for the phosphate application, all pots received the same 
basic fertilizer; namely, 0.93 g of potassium nitrate, 0.33 g of am¬ 
monium sulphate, 0.0185 g of ferric tartrate, 0.42 g of MgUl 2 .6H 2 0, 
and 0.0015 g of MnS0 4 .2H 2 0 per pot. The phosphate, supplied as 
superphosphate, varied from 0.2 g of P 2 0 6 per pot‘to 0.6 g of P 2 0/i, 
according to the kind of colloidal material present. In some cases 
the amount of P 2 0 5 necessary for maximum growth could be roughly 
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calculated from the data of previous experiments; in other cases it 
was estimated from the silica-sesquioxide ratio of the colloid. 

The tricalcium arsenate used was the “c. p. analyzed reagent” 
of a well-known manufacturer of analytical chemicals. This ma¬ 
terial and the superphosphate were thoroughly mixed with the sand. 
The other salts were applied in solution just prior to planting. 
Glazed earthenware pots holding 5,000 g of quartz sand were used 
as containers. They were kept in a greenhouse, and their order 
was shifted every day or two. The moisture content of the sand 
or sand-soil mixture was maintained at 15 percent. Ten millet 
plants per pot were grown for 25 to 40 days according to the time 
of year, ordinarily when the heads were about to appear. The 
differently treated pots were replicated three times in each experiment. 

The soils used in this study were parts of samples utilized in former 
investigations of soil colloids. Data regarding the samples with 
laboratory numbers below 500 are given in two bulletins of the 
l T nited States Department of Agriculture (11 , 14), and descriptions of 
the samples with higher laboratory numbers are given in two others 
(ft, 13). In some cases the colloid content of the soil was determined 
by adsorption of water vapor, in other cases by mechanical analysis. 

CRITICAL ARSENIC VALUES FOR DIFFERENT SOIL COLLOIDS 

A few preliminary experiments were conducted to get an approxi¬ 
mate idea of the toxicity of calcium arsenate to millet under the 
experimental conditions. The soil colloids wem then compared in 11 
experiments. These were conducted at different times of the year 
under various conditions of temperature and sunlight. Growth 
varied markedly, of course, in some of the experiments, and it seemed 
possible that the toxicity of arsenic in the plant might vary with these 
conditions to such an extent that the results of the different experi¬ 
ments would not be comparable. Such, however, was evidently not 
the case. Each experiment included a standard series of pots in 
which calcium arsenate was added to pure quartz sand. Growth in 
this series varied markedly with the season in which the experiment 
was conducted, but the quantity of arsenic required to reduce the 
yield one-half was practically the same for all experiments, irrespec¬ 
tive of the season. In 9 of the 11 experiments the critical quantity 
of arsenic for pure quartz sand varied only between 0.008 and 0.013 
g of As 2 () 5 per pot, with an average value of 0.011 g having a probable 
error of ± 0.00036 g. In 1 experiment the critical quantity was not 
closely determined but was obviously less than 0.016 fc g, and in the 
remaining experiments the exceptional*value of 0.021 gwas obtained. 

The results of the quartz sand series provided a blank for the experi¬ 
ment which was to be subtracted from results yielded by the soil- 
sand mixtures to obtain the effects of the colloids on arsenic toxicity. 
Tu view of the constancy of the results of this series it was felt that 
the average figure was as accurate a blank for any experiment as the 
individual value obtained for that experiment. Consequently 0.011 g 
of As 2 0 6 was used as a blank for all experiments. 

The detailed results of the experiments in which critical arsenic 
values were obtained for 36 soil colloids are shown in tables 1 and 2. 
The results of the pure quartz sand series are not reported in these 
tables, since with the use of the average value for this blank series 
the individual results are of no interest. 
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Tablk 1 .—ESects of different soils on the toxicity of calcium arsenate 
[All soils added In sufficient quantity to supply 1 percent colloid] 
EXPERIMENT 5 (FEB 15 TO MAR. 18) 
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EXPERIMENT 6 (MAR. 24 TO APR. 24) 
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6.45 

5. 79 

5 43 

5. 89 


I00S2 

Carrington loam 

0 3 

0.15 

.01 

.02 

2 95 

4.61 

3.96 
2.81 

4.28 

2.88 

0.018 





.05 

.57 

.49 

58 

55 






0 

4. 73 

3. 64 

3 56 

3. 98 


195 

< Marksvilie silt loam 

O 10 

.20 

.02 

.04 

3. 74 
1.39 

2 58 

1 27 

2 55 
1.50 

2.06 

1 39 

.032 





.08 

.33 

.39 

.36 

.36 






0 

4.39 

0. 40 

5. 72 

5 50 


196 

do. . . . 

10 36 

.40 

.04 

.08 

3 84 
1.59 

3.60 

1.40 

3.72 
1.15 

3. 72 
1.38 

.058 





.16 ; 

.21 

.18 

.15 

. 18 






0 

3 84 

4.37 

_ 

4 11 


9415 

Cecil clay loam... 

0 6 

.40 

.04 

.08 

1.44 

.87 

1 60 
.62 

1 69 
.57 

1.58 

.69 

.031 





.16 


.13 

. 14 

. 14 






0 

5.63 

5.49 

5.43 

5 52 


6678 

Kin in line sandy loam. 

12 

.35 

.02 

.04 

1 4 73 
3.78 

5.10 
3.74 

4.99 

3.80 

4 94 

3. 77 

, .056 


1 

* - - - 



.08 

1.36 

.99 

1.43 

1.26 













0 007 


.021 


.047 


.020 


.045 


EXPERIMENT 10 (SEPT. 16 TO OCT. 13) 








0 

3. 47 

3.67 

4.26 

3.80 



183 

Norfolk 

fine sandy 

loam 

0- 8 

0 40 

.02 

.04 

1.74 

.62 

1.63 

.50 

1.24 

.34 

1.54 

.49 

0.017 

0.006 







.08 

.10 


.11 

.11 









0 

3.50 

2.87 

2.50 

2.96 



184 

do. 



12-36 

50 

.04 

1.41 


1.03 

1.22 

.034 

.023 




08 

.34 



.34 







. 16 

.07 

.07 

.07 

.07 









0 

3.60 

3 74 

3.50 

3.61 



6718 

Vernon 

fine sandy 

loam . 

O- 3 

.30 

.03 

.06 

1.24 

.42 

1.83 

.45 

1.10 
.31 

1.39 

.39 

.026 

.014 







.12 

.04 

.04 

.04 

.04 








0 

5.26 

4.85 

4.68 

4.93 



6710 

. do. 


--- , 

3-10 

.40 

.04 

.08 

1 33 
23 

1.36 
.22 ! 

1.26 

.27 

1.32 

.24 

.028 

.017 







.16 

.03 

.03 

.03 

.03 



! 


! 

1 



0 

5.13 

4.54 

4.M 

4.74 



6720 

_do.. 


; 

10-27 

.50 

.04 

.08 

1.83 

.42 

.61 

1.89 

.43 

1.86 

.49 

.033 

.022 







.16 

.05 

.05 

.05 

.05 
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Table 1 . —Effects of different soils on the toxicity of calcium arsenate —Continued 
EXPERIMENT 12 (NOV. 1 TO DEC. 11) 


— 

— - 







I 


AsaOfi 

roduc- 


1 




Oven-dry yield of plants per 






Cal¬ 

cium 

arse- 


pot 



iue 

yield 

one- 









AsaOj 

re¬ 

quired 




P 2 0 6 

nate 





half 

Labo- 



ap- 

added 





minu 

ratorj 

Type of soil 

Depth 

plied 

per 





duce 

the 

no. 



per 

pot 

pot, 

ex¬ 

pressed 

as 

Series 

A 

Series 

B 

Series 

C 

Aver¬ 

age 

yield 

one- 

half 

blank 

of 

0.011 g 
for 





As 2 Ob 






quartz 

sand 

alone 



Inches 

Gram 

Gram 

Grams 

Grams 

Grams 

Grams 

Gram 

Gram 





10 

3.40 

2.09 

2. 49 

2. 8ft 



11171 

Marshall silt louni. 

0-13 

0. 20 

.01 

.02 

2.18 
1.82 

2.40 
1.38 

2.37 

1.85 

2 32 

1 08 

0.023 

0.012 





03 

1. 13 

.83 

.00 

.85 







0 

2. 59 

2. 77 

3. Oft 

2 81 



hi 72 

do.. 

13 24 

.2/> 

.01 

.02 

3.09 

2.31 

2.60 

1.75 

2.59 

2.18 

2.73 

2.08 

.031 

.020 





.03 

1.74 

1.30 

1.40 

1.48 







0 

1.8ft 

1.90 

1.14 

J. 03 



<>090 

Houston black clay. 

0- 3 

.20 

.01 

.02 

.89 

.38 

1.00 

.04 

.98 

.74 

.90 

.69 

.014 

.003 





04 

. 14 

. 14 

.11 

. 13 







(0 

2.02 

2. 54 

2.38 

2.51 



0097 

do. 

14-20 

.25 

.01 

.02 

1.40 

.00 

1.49 

.00 

1.28 

.57 

1.39 

.01 

.012 

.001 





.04 

.27 

. 18 

.28 

.24 







0 

1.89 

2. 58 

2.19 

2.22 



nous 

do.. 

24 3ft 

.30 

.01 

.02 

1.59 

.77 

1.77 

.65 

.95 

.07 

1.44 

.00 

.014 

.003 





.04 

.33 

.25 

.23 

.27 




EXPERIMENT 14 (MAR. 7 TO APR. 6) 






f 0 

5.63 

4.85 

5.00 

5.38 



299 

Chester loam 

0- 8 

0 36 

1 .02 

1 .04 

4.17 
3.09 

3.88 
2.92 

4.19 
3.08 

4.08 

3.03 

0 046 

0.035 





l .00 

1.98 

1.86 

1.99 

1.94 







[ 0 

3.18 

3.10 

3.50 

3.2ft 



.*400 

do.. 

8 32 

.50 

1 .02 

3.06 

3.10 

2.84 

3.00 

nr.'i 






.04 

2. 39 

2. 31 

2.32 

2.34 

’ . UOt) 

• \ r\& 





l .06 

1.20 

1.44 

1.29 

1.31 



391 

Hagerstown loam. 

0- 8 

.3ft 

1 0 

.03 

6. 12 
4. 79 

5. 34 
4.60 

5.47 

5 64 
4.70 

.079 

. (MW 





1 .06 

3.74 

3.32 

. 

3 53 







[ o 

4.84 

4.91 

4. 77 

4.84 



181 

Ontario loam._ . ... 

0-12 

.30 

1 .02 

4.06 

3.96 

3.91 

3.98 

# 1*1 

Ain 





.04 

3.12 

2. 79 

2.63 

2.85 

’ . 1101 

• Uiu 





l .0ft 

2.14 

2.04 

2.09 

2.09 







[ 0 

4.56 

4.28 

4.18 

4.34 



182 

-do... 

12-22 

.50 

1 .03 

3.40 

2.94 

2.88 

3.07 

AR7 

AjP. 





1 .06 

2.01 

2.09 

2.17 

2.09 

* . VO/ 






l .09 

1.31 

1.24 

1.19 

1.25 




EXPERIMENT 15 (APR. 

17 TO MAY 12) 

- 







0 

4.91 

5.49 

5.25 

5.22 



297 

Manor loam. . . ... 

0- 7 

0.30 

.02 

.04 

3.52 
1.87 

3. 72 
1.83 

3.50 
1.48 

3.58 

1.73 

0.031 

0.020 





.06 

.96 

1.13 

1.03 

1.04 







0 

4.41 

4. 71 

4.58 

4. 57 



298 

-do- 

7-20 

.40 

.02 

.04 

3.46 

1.82 

3.28 
1. 57 

2.93 

1.39 

3.22 

1.59 

.031 

.020 





.06 

.93 

.90 

.83 

.89 







o 

1. 77 

1.67 

1.96 

1.80 



10541 

Caribou loam 

U- 2 

.30 

.02 

.04 

1.88 

1.30 

2.03 

1.03 

1.40 

1.12 

1. 77 
1.15 

.064 

.053 





.06 

.96 

.97 

.96 

.96 







0 

1.03 

1.30 

2.64 

1.66 



10543 

—do- 

4- 6 

.40 

.02 

.04 

1.76 

1.50 

1. 45 
.73 

1.48 
* 1.04 

1.56 

1.09 

> .051 

.040 





.06 

.72 

.39 

.61 

.57 







0 

6.27 

5. 77 

6.95 

6.33 



305 

Stockton clay adobe. ... 

0-38 

.20 

.01 

.02 

3.56 

1.74 

3.83 

1.86 

3.32 
2.01 

3.57 

1.87 

.012 

.001 





.04 

.37 

.58 

.49 

.48 
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Table 1. - Effects of different anils onthe toxicity of raid u m arsenate — Continued 
KX PE HIM ENT 77 (AUU 18 TO SEPT. 12) 


Lubo- | 

rut(ir\ i \ pe of soil 

no 


r>U Miaikev clav 

BI032 Houston black cl.i\ 

ISO \\ abash silt loam 


190 


9804 


do 


( olumbiana ( ( ln\ 


Oven-dry yield of plants per 
pot 




ciuin 

arse- 






P 2 O* 

nate 






ap- 

added 





Depth 

plied 

I>er 






tier 

JlOt, 

Series 

Series 

Series 

Aver- 


pot 

ex¬ 

pressed 

A 

B 

C 

age 



as 

Asa^b 





Juchtit 

Ora rn \ 

Ora m 

Grams 

Grams 

Grams 

Grams 




4 00 

3 77 

4 28 

4 22 


0 20 

1 01 

.1 00 

3 33 

3 34 

3 42 


02 

2 99 

3 25 

2.13 

2 79 



1 04 

1 01 , 

1.03 

1 54 

1 59 



1 0 

4 37 

4.54 

4 30 

4 42 

1 1 r. 

25 ' 

1 .01 

3.02 

3 21 | 

2 84 

3 02 

1 l.t 

1 02 

2 1G 

1.99 

1 85 

2.00 



I 04 

.48 

.50 

.57 

.54 



1 () 

3 95 

4 44 

_ 

4 20 

0 15 

20 

01 

3 HO 

3 55 

_ 

3 08 



1 03 

1 <>4 



1.04 



1 0 

4 27 

4. lf>‘ 

3 73 

4 05 

15 3b 

1 W 

1 

1 .01 

3 42 

2 78 

2 91 

3 04 

1 .02 

1.98 

2 38 

2 42 

2 20 


1 

| .04 

95 

1 09 

1.08 

1 04 



( 0 

3 95 

3 75 

3.99 

3 90 

O 10 

1 .50 

1 02 

3 58 

3 24 

3 72 

3 51 

) 04 

3 21 

3 57 

2 99 

3 20 



( .08 

2 15 

2 19 

2.44 

2 20 


AS20j 
re¬ 
quired 
to re¬ 
duce 
yield 
one- 
half 


Oram 
0 (HI 

.018 

. 020 


.024 


(m 


Asatb 

reduc¬ 

ing 

yield 

one- 

lialf 

minus 

the 

blank 

of 

0 011 g 
for 

quartz 

sand 

alone 


Oram 
0 020 


007 


013 


T \ mle 2 Effects of in cruising quantitus of soil in soil-sand mixtures on the toxicity 

of calcium arsenate 


AS2O5 

reduc¬ 

ing 

yeld 

one-half 

minus 

the 

blank of 

0 011 g 

for 

quartz 

sand 

alone 


Lului 
111 tor y 
no 


Kind of sml mixed with 
quint/ sand and quan- 
tit> 111 terms of colloid 
content j»er pot 


5028 


Nacogdoches ver.v fine 
sand> loam, m) g 


Nacogdoches \erv tine 
sand loam, .10 g 


1 

8028 I 

5028 


<lo 


Nacogdoches very flue 
sand} loam, 100 g .. . 


*EK1 M ENT 7 

(A PH 

21 TO 

MAY 

7) 






<)\eu-dry yield of plants per 1 




Dal- 



pot 





ciuin 

arse- 





AsaOj 

Depth 

PjOs 
ap¬ 
plied 
I>er pot 

nate 
added 
per pot, 
e\- 

Series 

Series 

Series 

Aver- 

re¬ 

quired 

to 

reduce 
} 10 UI 
0110 -half 


pressed 

as 

A 

B 

C 

age 



AsaOs 






Inchts 

Gram 

Gram 

Gra mu 

Grams 

Grams 

Grams 

Gram 


' 

1 U 

4 30 

4 70 

4 01 

4 3b 


^ 0 8 

I 

0 .10 j 


3 28 

3 54 

3 13 

3 32 

0 022 

1 02 

2 47 

2 20 

2 26 

2.31 

1 

1 


l 04 

70 

08 

.67 

.68 


1 

1 

1 ° 

5 19 

5 27 

4.78 

5 08 


0-8 

.50 | 

02 

3 62 

3 03 

3 25 

3 50 

.035 

) 04 

2 40 

2 39 

1 57 

2.12 



l 08 

49 

47 

34 

43 





5. 10 

4 90 

4 76 

4 92 


0-8 

75 

I .02 

.04 

3.74 

2 60 

3 34 

2 65 

3 43 

2 19 

3. 50 

2 48 

.040 



1 08 

.72 

71 

95 

79 




f 0 

5 48 

5 73 

5 17 

5 46 


0-8 

.90 

1 .94 

| OH 

3 70 

2 13 

3 65 

2 30 

3 46 
2.11 

3 62 

2.18 

■ 065 



l 10 

29 

43 

* 

.36 



Oram 
0 OH 


024 


029 


054 
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Table 2.— Effects of increasing quantities of soil in soil-sand mixtures on the toxicity 
of calcium arsenate —Continued 

EXPERIMENT 8 (MAY 20 TO JUNE 10) 



' 




Oven-dry yield of plants i>er 






Cal¬ 


pot 







cium 

arse¬ 














AS 2 O 5 

re¬ 

quired 

to 

reduce 
yield 
one-half 

Labo¬ 

ratory 

Kind of soil mixed with 


PaO s 

nate 





quartz sand and quan¬ 
tity in terms of colloid 

Depth 

ap¬ 

plied 

added 
l>er pot, 

Series 

A 

Series 

H 

Series 

r 

Aver¬ 

age 

no 

content i>er pot 


per jH)t 

ex¬ 

pressed 

US 





AsjOs 








Inches 

Gram 

Gram 

Grams 

Grams 

Grams 

Grams 

Gram 





i 0 

5 03 

4 24 

4 39 

4 55 


HI 71 

Marshall silt loam, 25 g 

O 13 

0.15 

.01 

1 .02 

3 17 

1 09 

2 41 

1 04 

1 99 

1 04 

2. 52 

1 40 

0 013 





I . 05 

18 

25 

22 

22 






( 0 

4 99 

4.28 

4. 17 

4 48 


H171 

Marshall silt loam, 50 g. 

(V 13 

15 

1 01 

1 02 

3 A0 i 
88 

2 07 

1 85 

2 05 

1 28 

2 50 

1 34 

013 





| 05 

. 29 

10 

40 

28 


HI 71 

do. 

0-13 

. 225 

1 0 
\ 02 

4.09 

94 

4 47 
1.84 

3 91 
1.42 

4 30 

1 40 

- 





1 0 

4 59 

3.99 

4. 20 

4 20 


HI 71 

Marshall silt loam, 150g 

0 13 

. 15 

| .02 
.04 

2.09 

1.53 

2 18 

1 47 

3 10 

1 75 

2 08 

1 58 

.029 





l .08 

.56 

.37 

.00 

.53 


HI7I 

... do 

0-13 

225 

J o 

1 04 

4.38 

1.42 

4.20 

1 47 

4.32 

1.35 

4 32 

1 41 

j- 


EXPERIMENT 0 (AUU. 8 TO SEPT 


0079 | Kirvm fine sandy loam, 
| i** K 


1*079 


0079 


Kirvin fine sandj loam, 
50 K - - 


Kirvm fine sandy loam, 
i00 K - 


12-24 


12-24 


12-24 



.02 

.04 

08 

0 

.04 

.08 

.10 

0 

.OB 

12 

.24 


3 85 

4 02 

3 25 

2 91 

2 03 

2 12 

.44 

.40 

4 01 

3 70 

2. 25 

2 20 

1.11 

1.04 

.25 

.20 

3 39 

3. 37 

1.93 

2.31 

.92 

.90 

. 19 

1 

23 


4 35 

4 07 

3 41 

3 19 

2 02 I 

2.00 

39 

43 

3 90 

3 91 

2 . 12 

2. 19 

1 30 

1. 17 

.19 

21 

3 51 

3 42 

2 19 

2 14 

1.02 

97 

.18 

.20 


0 041 


.049 


.081 


AsjO* 

reduc¬ 

ing 

yield 

one-half 

minus 

the 

blank of 

0.011 g 

for 

quartz 

sand 

alone 


Gra m 
0 002 


002 


.018 


0 030 

.038 

. 070 


EXPERIMENT 13 (I>EC. 9 TO JAN. 20 ) 


Vernon fine sandy loam, 
25 g. _ . 

3 10 

0. 35 

f 0 

1 .02 

j .04 

1.96 

1.14 

.02 

1.57 

.83 

.51 

1 75 
80 
.04 




1 .08 

20 

.30 

.24 

Vernon fine sandy loam, 
50 g— .. 

3-10 

.50 

0 

J -03 

1 .00 

1 90 
1.11 
.09 

1 80 

1 03 
.59 

1.88 

1.24 

71 




1 .12 

*10 

.24 

.21 

Vernon fine sandy loam, 

100 g .. 

3-10 

.85 

I °04 

1 .08 

1 99 

1 . 11 
03 

1.97 

1.04 

.81 

1.84 

1 22 
.78 




l .10 

.24 

.21 

.25 


1.70 
.94 
.59 
.27 
1.90 
1 13- 
.00 
.20 
1.93 
1.12 
.74 
.23 


0.024 

.040 

. 055 


0 . 013 

029 

.044 


Calcium arsenate is obviously highly toxic to millet in sand and in 
these soil-sand mixtures. The 0.011 g of As 2 O r , application per pot, 
which reduces the yield one-half in pure quartz sand, is equivalent 
to about two parts As 2 0 5 per million of sand, or only 4 pounds per 
acre 6 inches. 

The seat of arsenic injury is evidently chiefly in the leaves, as the 
arsenic-poisoned plants in all cases showed a root development that 
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seemed normal for the size of the plants. When sufficient calcium 
arsenate was applied to reduce growth markedly the leaves yellowed, 
became somewhat striated, and tended to wither; but no particular 
feature could be singled out as especially distinctive of arsenic injury. 
Millet, however, does not show nutritional disturbances in such 
characteristic ways as do tobacco and other leafy plants. 

Although the critical quantities of arsenic shown in tables 1 and 2 
are in all cases small, there is a rather wide range in the effects of the 
different soil colloids. The Barnes, Stockton, and Houston colloids 
in 1-percent mixtures have almost no effect in reducing the toxicity 
of calcium arsenate, the critical values for these colloids being only 
0 to 0.007 g greater than the blank. On the other hand, in the 
Hagerstown, Columbiana, and Nipe soil-sand mixtures the critical 
arsenic values are 0.068 to 0.092 g greater than the blank. The 
extreme range in critical quantities of the samples tested is 0.092 g. 

The comparative effects of the surface-soil and subsoil colloids on 
calcium arsenate may be judged from the data given in tables 1 and 
2. In 11 instances the subsoil, or B horizon, was tested as^well as 
the topsoil, or A horizon. Three subsoil colloids, those of the Mar¬ 
shall, Clarksville, and Norfolk soils, were from two to four times as 
effective as the corresponding topsoil colloids in reducing arsenic tox¬ 
icity; but in the case of eight soils, the Houston, Wabash, Vernon, 
Kirvin, Ontario, Chester, Alanor, and Caribou, there was no appreci¬ 
able 1 difference between the effects of surface-soil and subsoil colloids. 
The B 3 horizons of the Houston and Vernon soils were tested, and 
these had the same effects as the A and horizons. This general 
similarity in the effects of the colloids in different horizons on arsenic 
is unlike the results obtained with phosphate. In the phosphate 
study 11 of the 12 subsoil colloids were found to depress the efficiency 
of the phosphate more than the corresponding topsoil colloid. 

Differences in the critical arsenic values cannot at this point be 
attributed solely to the effects of the different colloids, since the 
quantity of phosphate applied to the different soil-sand mixtures 
was varied according to the capacity of the colloid for rendering 
phosphate unavailable. Early in this work it seemed that the 
arsenic values might be influenced by the quantity of phosphate 
applied or by the time of application. If the phosphate were allowed 
to react with the colloid before the arsenate, or if an excess of phos¬ 
phate were applied, it seemed possible that the capacity of the col¬ 
loid for fixing anions might, be satisfied by phosphate and the fixa¬ 
tion of arsenate might be diminished thereby. Two preliminary tests, 
however, indicated that it made little difference whether the phos¬ 
phate and arsenate were applied at the same time or whether one 
was allowed to react with the soil before the other by alternate wet¬ 
ting and drying. Also, an excess of phosphate apparently had no 
effect on the toxicity of calcium arsenate, for in three tests with the 
Nacogdoches and Marshall soils (shown in table 2) an increase in 
the normal phosphate application by one-half did not significantly 
alter the yields of the check plants or of plants receiving arsenic. 

This failure of the phosphate fertilization to affect the toxicity of 
calcium arsenate is in accord with results obtained by Antoniani and 
Fonio (4) f who found that phosphate ions adsort)ed by soils were 
largely displaced by arsenate ions. Activated charcoal also adsorbs 
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arsenate ions more strongly than phosphate ions, according to Schilow 

and Lepin (15). ... . , ^ 

Since the toxicity of calcium arsenate is apparently not affected by 
variation in the phosphate fertilization, differences m the critical 
arsenic values may be attributed to differences in the effect of the 
soil colloids. Obviously, therefore, one of the more important fac¬ 
tors in the resistance of soils to arsenic injury is the character of the 
colloidal material present. Another major factor is, of course, the 
quantity of colloidal material in the soil. 

EFFECTS OF INCREASING QUANTITIES OF SOIL COLLOIDS ON THE 
TOXICITY OF CALCIUM ARSENATE 

Four experiments were conducted to determine how the toxicity of 
calcium arsenate varies with increasing quantities of colloid in the 
sand-soil mixture. The results of these experiments are shown in 



Figuke 2 .—Quantity of calcium arsenate required to reduce yield one-half, as affected by quantity 

of colloid. 

table 2 and figure 2. There are some irregularities in the curves, 
but in general they approximate straight lines. Deviations are of 
about the magnitude of the experimental error; hence it appeals that 
the effect of the soil colloidal material in reducing arsenic toxicity 
increases in approximately direct proportion to the quantity of col¬ 
loid present. The experimental results upon which this conclusion 
is based were obtained with soil and sand mixtures containing from 
one-half to 3 percent of colloidal material. Although the structure 
of these mixtures varied somewhat, they w r ere all open as compared 
with structures that might be found in highly colloidal soils. Possi¬ 
bly with mixtures containing from 10 to 30 percent of colloidal mate¬ 
rial, which would have a closer structure, the proportionality between 
percentage of colloid and effect on arsenic toxicity would not hold 
so well. 
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According to the preceding results, the arsenic resistance of a whole 
soil would he approximately equal to the percentage of colloid times 
a figure representing the resistance of the colloid. It is of interest to 
calculate on this basis the arsenic resistance that whole soils might 
have. The resulting figures are probably not accurate measures of 
the arsenic tolerance under field conditions of the soils used in these 
tests, but they should give a rough idea of the variations in tolerance 
that might be found in widely different soils. 

The figures of tables 1 and 2, representing the quantities of As 2 0 5 
required to reduce yields one-half, may be used for the specific resist¬ 
ance* of 1 percent of colloid. The percentages of colloid in the dif¬ 
ferent soils are given in other publications. The weight of an acre of 
soil to a depth of 6 inches is taken as 2,000,000 pounds. The pure 
quartz sand, containing no colloid, would, as already stated, show 
marked injury with only 4 pounds of As 2 ()<* per acre. The Nipe soil, 
on the other hand, with 60 percent or more colloid, having an exceed- 
inglv high resistance, would require 2,112 pounds of As 2 0 6 per acre 
to produce the same degree of injury. An average soil with 2ft per¬ 
cent of colloid having an average arsenic value (the mean for colloids 
tested in this study) would show marked injury from an application 
of 102 pounds of As 2 O s per acre. 

These figures should be taken as indicating only approximately the 
order of variation that might be found in soils of the most widely 
different types. Figures for the arsenic resistances of the whole soils 
used in this work have not been tabulated because further work 
would be needed to establish their reliability for field conditions. 
Probably some factor would be needed to convert values obtained in 
pot experiments to values applicable to field crops. In pot cultures 
root growth is altered more or less, and under field conditions there 
are the modifying effects of leaching, biological activity, and fluctua¬ 
tions in soil moisture. 

CHARACTERISTICS OF SOIL COLLOIDS AFFECTING THE TOXICITY 
OF CALCIUM ARSENATE 

Since the soil colloids tested in tliis work covered a wide range in 
properties, some evidence can be obtained from the data as to what 
characteristics of the colloids are responsible for the effects on calcium 
arsenate. 

Apparently the effect of the colloid on calcium arsenate was not 
connected with acidity in any important degree. The different 
colloids had acidities ranging from pH 4.2 to pH 8.2, but the arsenic 
values showed no correspondence to these variations. For example, 
two soil-sand mixtures of pH 8.1 and pH 4.7, respectively, had approxi¬ 
mately the same effect on calcium arsenate, and two other soils, both 
of pH 4.7, liad arsenic values of 0.015 and 0.042. In view of these 
results acidity could be only a minor factor in arsenic toxicity. 

That the effects of the colloids on calcium arsenate are connected 
with the chemical composition of the materials becomes evident on 
correlating the arsenic values with features of the ultimate analysis. 
Table 3 shows that the molecular ratio of silica to sesquioxidcs, the 
molecular ratio of iron to silica plus alumina, and the simple percent¬ 
age of iron all have a significant correspondence with the arsenic 
values. Other figures of the ultimate analysis of the colloid that w T ere 
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tried showed considerably less correspondence with arsenic values 
than the three given m table 3, and a closer correlation with other 
ratios of constituents is not to be expected after inspecting the ligures 
shown in this table. The marked exceptions to the three significant 
correlations are the colloids of the Norfolk, Davidson, and Caribou 
surface soils (nos. 183, 4439, and 10541). It is hard to conceive of a 
combination of the analytical ligures which would bring these col¬ 
loids into agreement with the arsenic values without throwing the 
other colloids into marked disagreement. 


Table U. —Corrcspondencc between arsenic values of soils and the chemical com 
positions of the soil colloids 


Labo¬ 

ratory 

no. 


10305 
0007 
305 
6090 
0098 
I S3 
113032 
B171 
10082 
10341 
UK) 
0718 
189 
4439 
M2 
B172 
298 
297 
9415 
195 
0720 
0719 
184 
5028 


0679 

181 

10543 

300 

6678 


182 

196 

10541 

391 

9804 

5891 


Kind of soil 


Hurries loam-- 

Houston black clay. 

Stockton clay adobe_ 

Houston black clay_ 

_do.. 

Norfolk fine sandy loam_ 

Houston black clay_ 

Marshall silt loam... 

Carrington loam_ _ 

Miami silt loam_ ..... 

Wabash silt loam_ . 

Vernon fine sandy loam. 

Wabash silt loam.. 

Davidson loam_ 

Sharkey clay ... 

Marshall silt loam 

Manor loam . _ _ 

..do. .... _ 

Cecil clay loam . 

Clarksville silt loam.. 

Vernon fine sandy loam.. 

_do. . ... 

Norfolk fine sandy loam... _ 

Nacogdoches very fine saud> loam 

Chester loam. 

Kirvin fine sandy loam.. 

Ontario loam ___ 

Caribou loam.. __ 

Chester loam. . 

Kirvin fine sandy loam.. 

Ontario loam... 

Clarksville silt loam. . 

Caribou loam.. 

II agerstown loam__ 

Columbiana clay.. 

Nipe clay. 





Per¬ 


Depth 

Arsenic 

value 

Molecular 
ratio of SiOa 
to AI 2 O 3 + 
FeaOj of col¬ 
loidal ma¬ 
terial 

cent¬ 
age of 
iron 
(Fea<> 3 ) 
of col¬ 
loidal 

Molecular 
ratio of 
Fe20a to 
8102+ 
AI 2 O 3 of 
colloidal 



mate¬ 

material 




rial 


Inches 





0- 9 

0. OCX) 

3 30 

9 97 

0 065 

14-20 

.001 

3.24 

5.92 

.043 

0-38 

.001 

2 87 

10 57 

.063 

0- 3 

.003 

3 20 

5.92 

.041 

24-36 

.003 

3 25 

5.95 

.042 

0- 8 

.006 

1 67 

11 25 

.073 

1-15 

.007 

3.26 

5 92 

.041 

0-13 

.007 

2 91 

8.94 

. 057 

0- 3 

007 

2 75 

7 75 

.049 

o- Vi* 

.007 

2 50 

7.40 

.072 

15-3G 

. 013 

3 33 

9 57 

.067 

0- 3 

014 

2. 65 

9.87 

.008 

0-15 

.015 

3.16 

9. 75 

.058 

0- 9 

.016 

1.50 

12 40 

.088 

0- 4 

.020 

3 23 

8 79 

051 

13-24 

.020 

2 88 

10.03 

.062 

7-20 

.020 

1 8J 

10.29 

.005 

0- 7 

.020 

1 74 

10 33 

.068 

0- 6 

.020 

1.27 

14 57 

.077 

0-10 

.021 

2.18 

10 05 

.065 

10-27 

.022 

2.34 

10.53 

.066 

3-10 

.023 

2. 44 

10.70 

.068 

12-36 

.023 

1 84 

11 28 

.071 

0- 8 

.029 

1.08 

28 05 

.282 

0- 8 

. 035 

1.77 

15.93 

.116 

12-24 

. 038 

1. 74 

14.37 

094 

O 12 

.040 

2.13 

10 84 

.079 

4- 6 

.040 

1 . 11 

17.63 

. 159 

8-32 

.042 

1.79 

11.34 

.073 

0-12 

. 045 

2. 02 

14. 74 

.096 

12-22 ; 

.046 

2 08 

15. 27 

. 100 

10-36 1 

.047 

2. 10 

11.51 

.072 

H- 2 

.053 

2.95 

4.83 

.032 

0- 8 

.068 

1.91 

- 9.45 

.002 

0-10 

4 .082 

.81 

15.35 

. 133 

0-12 

.092 

.31 

62.51 

1.185 


Coefficient of correlation of arsenic values with molecular 

ratl0 ’ AljOs^FesOa" 

Coefficient of correlation of arsenic value? with percentage 

of iron (Fea0 8 )..._.... 

Coefficient of correlation of arsenic values with molecular 

ratio,: Fe *° 8 


’ SiOa+AlaOa* 


-0.08±O 06 
+ . 69+ .07 


-f- . 55± . 08 


The correlation coefficients given in table 3,- together with their 
probable errors, show that within the limits of probability the two 
molecular ratios involving iron and the simple percentage of iron all 
agree about equally well with the arsenic values. Thus it seems that 






























488 


Journal of Agricultural Research 


Vol. sa, no. 7 


iron is the chief constituent of the colloid affecting the toxicity of 
calcium arsenate. This conclusion is supported also by previous work 
with artificial inorganic gels. Biltz (5) found that silica gel had 
practically no effect on arsenic acid and that an alumina gel adsorbs 
much less than an iron gel. The activity of an iron gel, however, 
diminishes with age, according to Biltz ( 5 ) and to Lockemann and 
Lucius (11). 

Tf iron is the only constituent of the colloid having an appreciable 
effect on calcium arsenate it might seem that the correlation between 
arsenic values and percentage of iron or ratios involving iron should 
be higher than 0 55 to 0.68. However, if the reactivity of the iron 
in the different colloids varies and does not vary in proportion to the 
total quantity of iron, a closer correlation could hardly be expected. 
No data are available on the reactivity of the iron in different colloids, 
but presumably it is more or less variable. One would expect the 
iron to be especially reactive in Podzol soils, for instance, since the 
transfer of iron from the surface stratum to lower layers is especially 
acti\e in this group of soils. The Caribou, the only true B#dzol 
tested, had an especially high arsenic value for its iron content. 

Without attempting to follow the mechanism of the reaction in 
detail, it may be considered that the soil colloid reduces the toxicity 
of calcium arsenate by forming an insoluble ferric arsenate wdtli any 
arsenate ions going into solution. This may be the essence of the 
matter; but the process is presumably very complicated in detail, 
se\eral phases being involved—the plant root, the soil colloid, water, 
and particles of calcium arsenate which are insoluble. Correspond¬ 
ingly, the so-called “arsenic values” may be regarded as representing 
the quantities ol arsenic combined with the colloids in a form so 
insoluble as to be unavailable to the plant; whereas the actual state 
of affairs may be somewhat different. 

If the alumina of the colloid has no effect on the toxicity of calcium 
arsenate, it would seem that both correlations of arsenic values with 
percentages of iron and with ratios of iron to silica plus alumina should 
be higher than the correlation with ratios of silica to sesquioxidcs, 
since this last ratio includes alumina in the same term with iron. 
But, as a matter of fact, the silica-sesquioxide correlation is at least 
equal to, if not slightly closer than, the other two correlations. This 
may be due to the fact that not only the quantity of iron but appar¬ 
ently also the condition of the iron varies approximately with the 
silica-sesquioxide ratio. At all events, after organic matter is de¬ 
stroyed by hydrogen peroxide most colloids having high silica-sesqui¬ 
oxide ratios are gray, whereas most of those having low ratios are 
yellow or red. It is possible, therefore, that the silica-sesquioxide 
ratio evaluates roughly both quantity and reactivity of the iron. 

EFFECTS OF SOIL COLLOIDS ON CALCIUM ARSENATE COMPARED 
WITH EFFECTS ON SUPERPHOSPHATE 

Some of the ideas that have been offered regarding the behavior 
of soil colloids toward arsenate and phosphate are supported by the 
comparative quantities of arsenate and phosphate rendered unavail¬ 
able. These ideas, to recapitulate briefly, are that„reaction of the 
colloid with arsenate is dependent only on the iron, whereas reaction 
with phosphate is dependent on the phosphate content of the colloid 
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and on both iron and alumina. A previous publication (10) gives 
the quantities of phosphate fixed by a number of soil colloids, some 
of which were used in this work. 

That the phosphate content of the colloid diminishes fixation of 
phosphate but does not affect fixation of arsenate is in accord with 
the comparative effects of topsoil and subsoil colloids on the two 
substances. It was found in the superphosphate study that nearly all 
topsoil colloids fix less added phosphate than the corresponding 
subsoil colloids. This was explained on the basis that the topsoil 
colloid in nearly all cases is higher in phosphorus than the subsoil 
colloid and is therefore more nearly saturated with phosphate. 
Granting that this idea is correct, it would follow that the phosphate 
content of the colloid has little or no effect on arsenate adsorption, 
since, as previously mentioned, the topsoil and subsoil colloids in 
most cases fix equal quantities of arsenate. 

The conclusion that arsenate fixation is dependent on the iron of 
the colloid, while phosphate fixation is dependent on both alumina and 
iron is supported by certain correlations. In the first place, there is a 
significant but not close correlation between the quantities of arsenate 
and of phosphate fixed by a number of soil colloids. The correlation 
coefficient between arsenate and phosphate values is 0.54 for 13 sur¬ 
face-soil colloids and 0.69 for 6 subsoil colloids. Coefficients of this 
magnitude are about what one would expect if one series of values 
were dependent on iron alone and the other series on both iron and 
alumina. The phosphate content of the colloid as a factor affecting 
fixation of phosphate was largely eliminated by correlating the phos¬ 
phate values of surface-soil colloids and subsoil colloids separately 
with the arsenate values. 

Further correlations furnish more direct evidence that the arsenate 
^dues are dependent on iron alone and that phosphate values are 
dependent on both iron and alumina. The arsenate values show a 
fair correlation with iron alone or with iron plus alumina but practi¬ 
cally no correspondence with alumina alone. The correlation co¬ 
efficients are 0.59 for iron, 0.68 for iron plus alumina, and only 0.20 
for alumina. Phosphate values, on the other hand, show a fair 
correspondence with both iron and alumina alone and a fairly close 
correspondence with iron plus alumina. Correlation coefficients 
obtained on comparing phosphate values with the chemical constit¬ 
uents of topsoil colloids and of subsoil colloids, separately, were 
respectively: 0.42 and 0.50 with iron alone, 0.55 and 0.69 wdth alumina 

alone, and 0.71 and 0.79 with iron plus alumina. 

* 

SUMMARY 

This investigation deals with the comparative effects of different 
soil colloids on the toxicity of calcium arsenate to millet. 

Effects of the colloids are determined from comparative growths 
made by millet (Setaria italica) in pot cultures when increasing quan¬ 
tities of calcium arsenate are added to pure quartz sand and to soil- 
sand mixtures. The soil-sand mixtures contain sufficient soil to supply 
1 percent of colloidal soil material. The quantity of calcium arse¬ 
nate (expressed as AsjQs) required to reduce the yield one-half in the 
soil-sand mixture minus the quantity required to reduce the yield 
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one-half in pure quartz sand is taken as the measure of the effect of 
the colloid and is called the “arsenic value” of the colloid. 

The arsenic values of 36 soil colloids tested show a wide range of 
variation; namely, from 0.000 to 0.092 g of As 2 0 5 per pot. In other 
words, in some soil-sand mixtures the quantity of calcium arsenate 
reducing the yield one-half is the same as in pure quartz sand (0.011 g 
of As 2 () () per pot); whereas in another soil-sand mixture the quantity 
of arsenate reducing the yield one-half is 0.092 g of As 2 0 6 more than 
the 0.011 g of As /) 5 required in quartz sand. 

The effect of the soil colloid in reducing toxicity of calcium arsenate 
increases in approximately direct proportion to the quantity of 
colloid, at least up to a few percent of colloid. The resistance of a 
soil to calcium arsenate injury, therefore, depends on the quantity 
of colloid present and on the specific resistance of the colloid. 

On the basis of these pot experiments it appears that whole soils 
could show resistances to calcium arsenate injury as variable as the 
following: Soils that are made up of practically pure quartz sand, 
4 pounds of As 2 O rj per acre; soils with 20 percent of colloid ofcaverage 
arsenic resistance, 192 pounds of As 2 0 5 ; and soils containing 60 percent 
of colloid of exceptionally high specific resistance, 2,112 pounds of 
As 2 ()r v These figures may have no practical significance except as 
indicating possible degrees of variation for certain plants. 

The effects of the colloid on calcium arsenate appears to be unin¬ 
fluenced by the phosphate fertilization, by the acidity of the colloid, 
and by the presence of calcium carbonate, but it does appear to be 
influenced by the chemical composition of the colloid. The arsenic 
values of the colloids correspond roughly with the silica-sesquioxide 
ratios of the colloids, with the simple percentage of iron, and with 
the ratio of iron to silica plus alumina: the coefficients of correlation 
with these features of the chemical composition are, respectively, 
- 0.68it).06, + 0.59d- 0.07, and +0.55±0.08. It is concluded 
that the effect of the colloid is dependent on the quantity and reac¬ 
tivity of the iron present. 

A comparison of the arsenic values with figures previously obtained 
for phosphate rendered unavailable by soil colloids tends to support 
the conclusion that the effect of the colloid on calcium arsenate is 
dependent only on the iron, whereas the effect on superphosphate is 
dependent on the phosphate, iron, and alumina contents of the colloid. 
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the effectiveness of various arsenicals in 

DESTROYING LARVAE OF THE JAPANESE BEETLE 
IN SASSAFRAS SANDY LOAM 1 

1J\ Walter E Fleming, entomologist , and Francis E. Baker, assistant ento¬ 
mologist , Division of Fruit Insect Investigations , Bureau of Entomology and Plant 
Quarantine , United States Department of Agricultim 2 

INTRODUCTION 

In a previous contribution from the Japanese beetle laboratory 
(3)‘ it was shown that larvae of the Japanese beetle (Popillia japonica, 
Newm ) were killed by the introduction of certain arsenicals into the 
soil. Subsequent investigations have been carried on to determine 
the effectiveness of different arsenicals for this purpose, when freshly 
applied and after having been in the soil for several years. In the 
study of the insecticidal action in Sassafras sandy loam during the 
period 1929 to 1935, which is reported in this paper, over 18,000 tests 
were made, involving more than 90,000 larvae. 

Larvae of the Japanese beetle may be killed upon ingesting arsenic 
while burrowing through poisoned soil or feeding on roots growing 
in this soil. When they have a lethal quantity, the larvae cease 
feeding and burrowing, discharge the contents of the alimentary 
tract, become flabby, and eventually die. The period of time required 
for the arsenical to kill depends upon its nature and concentration 
and upon the development, activity, and susceptibility of the larvae. 
The nature and concentration of the material applied to soil can bo 
controlled, the larvae of a definite stage of development can be 
selected, and the activity of the insects can be controlled to a large 
extent by regulating the food, temperature, and moisture in the soil, 
but it is impossible to obtain, in different fields, or from the same 
field at different periods of the year, groups of larvae that have the 
same susceptibility to arsenic. In any study of the effectiveness of 
a material as a stomach-poison insecticide for the larvae of the Jap¬ 
anese beetle, it is necessary to conduct the tests under conditions in 
which the larvae ure active, and to compare the killing power of the 
material with that of a standard stomach-poison insecticide, such as 
acid lead arsenate, under the same conditions on larvae from the 
same source. 

ARSENICALS USED 

The arsenic trioxide used in this study was not analyzed but was 
guaranteed by the manufacturer to be 98 to 100 percent pure. The 
other arsenicals had the composition 4 shown in table 1. The names 
used to designate the various samples are those employed by the 

1 Received for publication Oct 23, 1935, issued April, 19.16 . 

2 The writers are indebted to F. M W'adley, of the Bureuu of hutomologv and Plant Quarantine, for 
assistance in the statistical treatment of the (lata 

' Reference is made by number (italic) to Literature Cited, p , . ... 

4 Analyses of these materials were made by the Insecticide Division when it was a division of the Bureau 
of Chemistry and Soils 
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manufacturers and do not imply that definite, pure salts were avail¬ 
able In particular, the two calcium arsenates are to be regarded as 
containing considerable of the compounds named, but in admixture 
with such quantities of excess lime and calcium carbonate as to make 
their gross analyses practically identical. 

CONDITIONS FOR TESTING STOMACH-POISON INSECTICIDES 

ON LARVAE 

It has been observed that when the temperature of the soil is 
below 50° F the larvae of the Japanese beetle are largely inactive 
and are affected by stomach poisons only to a limited extent. As 
the temperature of the soil is raised to 85°, the activity of the larvae 
inci eases and the period of time required for an insecticide to become 
effective is progressively decreased At a temperature of 80° to 85° 
a stomach poison may be effectrve within 2 weeks, whereas at 60° 
fiom 6 to 8 weeks may bo required Temperatures above 85° appeal 
to Tetard the actrvity of the larvae. Activity is also imputed m 
soils that aio excessively dry or wet 
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It was decided to test the effectiveness of stomach poisons at a 
constant temperature of 80° to 85° F in Sassafras sandy loam about 
half saturated with water and to supply an abundance of food by 
sowing gram in the soil These tests were conducted in large cham¬ 
bers maintained at a relative humidity of 96 to 100 percent at the 
desired temperature to prevent excessive loss of moisture from the 
soil, and lighted artificially to promote the growth of the grain. A 
description of these chambers has been published (£, j? 124 ) 

PROCEDURE FOR CONDUCTING A TEST 

In every test commercial acid lead arsenate, which was used as a 
standard insecticide because several years’ experience with the ma¬ 
terial in the field had demonstrated its effectiveness in killing Japanese 
beetle larvae, was applied to the soil at the rates of 250, 500, 1,000, 
1,500, and 2,000 pounds per acre wdthin a few hours before introduc¬ 
tion of the larvae In mixing, 0 735 cubic foot of soil, sufficient to 
fill twenty 5-inch earthern pots, was first spread in % a thin layer on a 
smooth concrete floor, and then a weighed quantity of the lead 
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arsenate was scattered uniformly over the soil and mixed with it by 
raking and shoveling until uniformly dispersed. The quantities of 
material added to this volume of soil and the equivalent number of 
pounds per acre when mixed to a depth of 3 inches are as follows: 

Equivalent pounds 


per acre to a 

Grams per 0.735 cubic fool : de P fh of s inches 

7.3_ 250 

14 7_ - . . ____ 500 

29.4 _ 1,000 

44.1 _. _ ... __ 1,500 

55.5 _2.000 


After each batch had been mixed, it was placed in twenty 5-inch 
pots, the drainage holes of which were covered with 16-mesh wire 
to prevent the subsequent escape of larvae. An equal number of 
pots were filled with untreated soil for the determination of the natural 
mortality of the insect. Other materials wore then applied in the 
same manner, or pots of soil that had been treated previously and 
exposed to weathering in the field wero brought in and the soil was 
carefully examined to remove any larvae that might be present as a 
result of natural infestation. Grain was sown in each pot. 

The pots were plunged to a depth of 2 inches in moist peat in the 
constant-temperature chamber. After 48 to 72 hours, when the soil 
was at the proper temperature and the grain had sprouted, five 
active third-instar larvae were placed in each pot. The most satis¬ 
factory procedure for infesting the pots is to make five holes 2 inches 
deep with a small dibble, place one larva in each hole, and fill the 
holes with soil. Third-instar larvae were selected because larvae in 
this stage are most resistant to insecticides; in addition, it is easier 
to handle larvae of this age without injuring them, and such larvae 
are more readily seen in soil during the examination than are those of 
other instars. It was not feasible, because of cannibalism, to place 
more than five larvae in a 5-inch pot of soil. 

Seven days after the larvae had been introduced, the soil was 
removed from each pot and the numbers of dead and living were 
recorded. The soil and the living larvae were then replaced in the 
pot, the dead being discarded. After being left undisturbed for a 
second 7-day period, the potted soil was reexamined and the condi¬ 
tion of the larvae recorded a second time. 

At the end of the first 7-day period usually half of the larvae were 
surviving in soil treated with the standard insecticide, commercial 
acid lead arsenate, at rates of 1,000 to 1,500 pounds per acre, and at 
the end of the second period this conditiomexisted with concentrations 
of 500 to 1,000 pounds. When a material was considerably more 
effective than the standard insecticide, usually half of the larvae were 
alive at concentrations between 250 and 1,000 pounds per acre at the 
end of the first period and few were alive in any concentration at the 
end of the second period. When a material was considerably less 
effective than the standard, the point of median survival was found 
between concentrations of 1,000 and 2,000 pounds at the end of the 
second period. The materials that were considerably more effective 
than the standard were therefore compared with the standard at the 
end of the first 7-day period, and the other materials were compared 
at the end of the second period. 
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EFFECTIVENESS OF VARIOUS ARSENICALS 

It has been shown (6, 7, 8) that the closest agreement in tests with 
insecticides occurs when the 50-percent death point is selected as the 
criterion. The method used in determining the median points of 
survival and the coefficient of effectiveness of the different treatments 
is illustrated in the determination of the effectiveness of aluminum 
arsenate that had been freshly applied to the soil. The average 
number of larvae surviving in each concentration of aluminum arse¬ 
nate and in each concentration of the standard insecticide tested at 
the same time, their respective checks, and their standard errors 5 are 
given in table 2. 

Table 2 . —Average number of larvae surviving from an original of J) larvae per pot in 
various concent rat ions of aluminum arsenate as compared with their survival in the 
standard insecticide 

Average number of larvae 
surviving in— 

Quant lly of material (iwuuds per acre) -- 

Standard AHHninum 
insecticide arsenate 


0 .... 

500. 

1,000 

1,500 

2.0(H) 


3 73rb0.123 
2 Olrfc .125 
1 55± . 172 
.77=b .105 
47=fc . 113 | 


3 73=fc0.123 
2.1fl± .173 
1.33=fc . 170 
. 65=fc . 127 
. 01db .119 


Since an average of 1.27 larvae were dead in the pots of untreated 
soil in this series, it is considered that in each concentration of these 
materials this number had died from causes other than poisoning, such 
as injury or disease. One-half the survival in the untreated soil was 
therefore selected as the median survival point, or where 50 percent 
were killed by poisoning. The median survival in this case was found 
to be 1.8(5 zl-0.161 larvae. 6 

An examination of the data for the standard insecticide shows that 
the concentration where 50 percent were killed by poisoning is between 
500 and 1,000 pounds per acre. If A is the concentration giving a sur¬ 
vival, (\ just above the median survival, M } and B is the concentra¬ 
tion giving a survival, D, just below the median survival, the median 
effective concentration of the standard, M. C. sy can be estimated by 
substituting the required values in the equation 7 


' It should Ih 3 noted that the standard error, and not the probable error, is used throughout this paper. 

The standard error of the mean was calculated according to the equation -r^—, where <r, is the 

V N—V 

standard deviation and N is the number of i>ots 

* The standard error of the median survival in the soil containing an insecticide cannot be determined 
from the error of the survival in untreated soil It was therefore estimated according to the procedure out¬ 
lined by Trovan (#). The percentage errors of the survivals above and below the median were plotted and 
the percentage error of the median obtained by mten>olation. The error of the median was then calculated 
from the value of the median 

7 This equation for the median effective concentration was derived in the following manner: The median 
concentration can be expressed by the equation 




As the samples are from different concentrations, however, the standard error of the difference is equal to 
the square root of the sum of the squares of the errors of tho proportions a, p. BU), and this equation becomes 


M C \- A +( B - A )\ 


-DdrVcH-d*’ 


When these values are substituted in the equation to determine the error of a quotient (communication 
from Sewall Wright to B. A. Porter, Bureau of Entomology and Plant Quarantine), the equation becomes 

wc - <+<*-*) [ • 
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M.C.,±e= 


A+(B-A)[ 


C-MC-M I 
C-D ± C-D^\ 


c 2 +m 2 . c 2 +d 2 
(C-M) 2+ (C-Dj 


5 


A in this case equals 500, B equals 1,000, (? equals 2.91, c 2 equals 0.125 2 , 
M equals 1.86, m 2 equals 0.161 2 , D equals 1.55, and d 2 equals 0.172 2 . 
The median effective concentration of the standard was found to be 
886 ±96 pounds, and in like manner the median effective concentra¬ 
tion of freshly applied aluminum arsenate was found to be 68] ±156 
pounds. 

The coefficient of effectiveness of the aluminum arsenate was then 
determined by the equation 


Coefficient of _ M.C . S M.C. S I e 2 . e\ 

effectiveness” M.C. t ±e\ M.C.tM.C.fl (M.C. S ) 2 ‘ (. M.C . t ) 2 

where M.C. s ±e l is the median effective concentration of the standard 
insecticide and its error and M.C. t ±e is the median effective concen¬ 
tration of the aluminum arsenate and its error. The coefficient of 
effectiveness of freshly applied aluminum arsenate was found to be 
1.30±0.329, indicating that when freshly applied this material is 
1.30±0.329 times as effective as freshly applied acid lead arsenate in 
killing the larvae in the soil. 

The coefficients of effectiveness of the various arsenicals in killing 
larvae were determined immediately after application and at intervals 
up to 60 months after application. The coefficients are given in table 3. 


Table 3 . —Coefficients of effectiveness of various arsenates' and arsenic trioxide 
against larvae of the Japanese beetle after the arsenicals had been in the soil for 
different periods of time 


Coefficient of effectiveness 


Months in the soil 

Aluminum 

Barium 

Dicalcium 

Tricalcium 

Ferric 


arsenate 

arsenate 

arsenate 

arsenate 

arsenate 

0 .. 

1.30±0.329 

I.10d=0.216 

1 HOJbO. 339 

1.46=1=0.310 

1.04d=0.140 

6 

. 94db .284 

1.09d= .233 

2.44d= . 599 

1.21=fc .196 

. 78d= . 149 

12 

1.09=b .248 

. 75d= . 134 

1.24d= .243 

1.15d= .216 

. 72=fc . 142 

IK 

1.00=1= .279 

. 70d= .326 

1.45d= . 359 

1 . 28=1= .260 

. 66 dr .132 

24 

.87d= . 477 

. 96=fc .214 

1.27d= . 259 

. 80=b . 165 

. 42d= . 165 

30 

. 78d= . 133 

. 67d= . 121 

. 90d= .216 


• 42d: .194 

3i 


. 


1.02=fc . 204 


42 _ 

. 98d= . 125 

. 68 d= .112 

. 77d= . 098 

.94=1= .154 


44 . 





.35dr .254 

48... 

0 

0 

0 

0 

0 

60 . 

0 

0 

0 

0 

, 0 


Coefficient of effectiveness 

_ _ ...... *4 _ .... 

Months in the soil 

Acid lead 

Magnesium 

Manganese 


Arsenic 


arsenate 

arsenate 

arsenate 


trioxide 

0 .... 

1.00=fc0.148 

1.89d=0.438 

1.97d=0. 449 

1.16=1=0.181 

1.85d=0.344 

6 _ 

. 98 d: . 159 

1.14db .193 

. 88 = 1 = . 287 

. 83=1= . 208 

2.75=1= .547 

12 _ 

. 76d= .118 

1.88d= .203 

1.33d= .277 

1 . 00 = 1 = .186 

2.00=1= .630 

18_ 

. 05d= . 100 

. 97db . 163 

1.06 d= . 274 

. 92d= . 162 

2.03=1= .427 

24 _ 

. 63db .110 

. 87=1= .333 

. 82± .132 

. 75=1= .178 

2.39d= .768 

30 ... 

. 63-fc . 102 




2.36d= . 426 

31 . . 


. 83=fc . 105 

. 92=fc . 128 

. 68 dfc .090 


43 ... 





2.77d= .431 

44 . .... . 

.25± .056 

. 31db .061 

. 37± . 070 

. .33d= .073 


48 .. 

0 

0 

0 

0 

1.30d= .251 

60 ... 

0 

0 

0 

0 

1.34=fc . 233 


‘ Basic lead arsenate was tested as extensively as the other materials, but the survival was so high, even 
when used at the rate of 16,000 pounds per acre, that it was not possible to determine the median effective 
concentration. The coefficient of effectiveness was consistently zero. 
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DISCUSSION OF RESULTS 

When the coefficients of effectiveness of the various materials were 
plotted against the time that the materials had been in the sod,_the 
functional relationship could be expressed by means of a straight 
line. To determine accurately the position of this line, the constants 
of the equation of the line were determined mathematically by the 
method of least squares (/, pp. 55-61). The coefficient of correlation 
(/, pp. 121, 12S), r xv , adjusted for the numberof cases, the adjusted 
standard error of estimate (7, pp. 121, 128), S vx , and the coefficient 
of determination ( 1, p. 120) were then calculated (table 4). The 


Tahle 4.- Statistical measures showing the association between the coefficients of 
effective ness of various arsenicals and the time these arsenicals remained in the soil 


\rsc rural 

Adjusted 
coeffi¬ 
cient of 
correla¬ 
tion 

Coeffi¬ 
cient of 
deter¬ 
mination 

Standard 
error of 
estimate 1 

Arsenical 

Adjusted 
coeffi¬ 
cient of 
correla¬ 
tion 

Coeffi¬ 
cient of 
deter¬ 
mination 

Standard 
error of 
estimate 1 

Aluminum ur.se- i 




Acid lead arsenate. 

0.942 

0.887 ^ 

* 0.128 

nuto_ 

0.71)3 

0 029 

0 284 

Magnesium arse¬ 




llariuui ursonute - 

.855 

.731 

213 

nate .. 

.946 

.895 

.204 

Diealcium arse* 




Manganese arse¬ 




nute 

.870 

. 757 

.391 

nate___ 

.866 

.750 

.318 

Triealemm arse¬ 




Zinc arsenate- 

.946 

.895 

. 137 

nate . 

.811 

.707 

.289 

Arsenic trioxide .. 

.109 

.012 

.321 

Feme arsenate ... 

.88^ | 

780 

.168 






1 In terms of the coefficient of effect iveness. 


regression line, the standard error of estimate, and the determined 
coefficients of effectiveness are presented graphically in figure 1. 

For the arsenates there was a high correlation between the coefficient 
of effectiveness and the period of time that the materials had been in 
the soil, but there appeared to be little such correlation for arsenic 
trioxide. The coefficient of determination ( r TV ) 2 is an arbitrary 
mathematical measure which shows what proportion of the variance 
in the values of the dependent variable can be explained by the con¬ 
comitant variation in the values of the independent variable. It was 
found that almost 90 percent of the variance in the coefficients of acid 
lead arsenate, magnesium arsenate, and zinc arsenate could be 
accounted for by the period the materials had been in the soil. More 
than 00 percent of the variance in the coefficients of the other arsenates 
could be attributed to this factor. Since this leaves only a relatively 
small percentage of the variance to be accounted for by all other 
factors, it appears that the period of time in the soil was the most 
important factor associated with the coefficient of effectiveness of 
these materials. As the coefficient of determination of arsenic trioxide 
was only 1.2 percent, it is evident that other factors were more im¬ 
portant than the period of time in modifying its insecticidal action. 

The standard error of estimate shows how nearly the estimated 
values of the coefficients agree with the determined values. As most 
of the determined values w^ere scattered throughout the zone ± 1 
standard error from the regression line, the standard error of estimate 
may be used as a measure of the consistency of the insecticidal 
action of a material. Acid lead arsenate appears to be the most 
dependable of the arsenates for killing larvae in the soil; zinc arsenate 
and ferric arsenate were very close to acid lead arsenate in the con¬ 
sistency of their insecticidal action. The other arsenicals were more 
variable. The variation in the results obtained with al umin um 
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arsenate, dicalcium arsenate, tricalcium arsenate, manganese arse¬ 
nate, and arsenic trioxide was so great as to raise some doubt regarding 
the dependability of these materials as stomach-poison insecticides in 

the soil. . . . . ,. , 

Theoretically, when the linear correlation is high the averages 
derived from several observations for each period should lie along 
the regression line, and these averages should very nearly coincide 
with the estimated values. To have the average of the determined 
values coincide with the estimated value for each period, it would be 
necessary to make many tests of a stomach poison in a complex 
medium* such as soil. In view of the long period of time and the 
labor involved in determining the coefficient of a stomach-poison 
insecticide in soil, it has not been possible, in most cases, to make 
more than two or three series of determinations at a given period. 
Therefore, some fluctuation may be expected in the average deter¬ 
mined coefficients around the regression line. It is believed that 
under the circumstances the regression line, which is based on all the 
determined values, is probably a more accurate average and ^better 
basis of comparison than the determined values at a given period, it 
was decided, therefore, to use the estimated values as a basis for com¬ 
paring the insecticidal effectiveness of the different materials in the soil. 

The estimated coefficients of effectiveness at 0 months measure the 
effectiveness of the freshly applied materials. As these coefficients 
are subject to variation, as are other statistical constants, the standard 
errors of the coefficients were determined ( 1 , p. 4, P • 77) by the 

equation 

S 

Standard error of estimated coefficient of effectiveness- y ?• 

y/N 


The estimated coefficients were then arranged in order of increasing 
difference from the coefficient of acid lead arsenate, and the differ¬ 
ences between the coefficient of acid lead arsenate and the other 
arsenicals were determined given in table f>. It is generally 
accepted that when a value is two or more times its standard error 
the Miluo can be considered significant. It is apparent from these 
data that lerric arsenate is significantly less effective and the other 
arsenicals are significantly more effective than acid lead arsenate w T hen 
freshly applied to the soil. 


1 aru. 5. Significant of the difference between the estimated coefficients of effective¬ 
ness of tfw various arsenicals when freshly applied 


Arsenical 


And lead arsenate 
Ferric arsenate 
Barium arsenate 
Zmc arsenate 
Aluminum arsenate 
Tncalcium arsenate 
Manganese arsenate 
Magnesium arsenate 
Dicalcium arsenate 
Arsenic trioxide 


Estimated 

coefficient 

of 

effectiveness 


Difference 
bet w een 
coefficient of 
effectiveness 
of acid lead 
arsenate and 
that of 
arsenical 
indicated 


Ratio 


1 OlrfcO.0199 

.90±.0286 0 lldiO 0348 

1 14± . 0336 .13=fc . 0390 

1 16± . 024C . 15± . 0316 

1. 28dt 0149 .27. 0491 

1.48± . 0619 .47=b .0565 

1.56=h.0fi7l .55dt .0605 

1.61± .0366 .60=b .0417 

2 13=fc . 0618 1.12± . 0649 

2.36db . 0507 1.35=h . 0545 


3 2 

3 3. 

4 7: 

5 6. 
8 5. 
9.1: 

14.4: 
17.3: 
24 8: 
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It was thought that there might be some correlation be tween the 
effectiveness of the various arsenicals and the percentage of total or 
water-soluble arsenic oxide in the materials. Apparently, however, 
there was no correlation between the coefficient of effectiveness and 
the percentage of water-soluble arsenic oxide or of arsenious oxide, 
although there did appear to be some relation between the coefficient 
of effectiveness and the total arsenic oxide. The coefficient of cor¬ 
relation and the coefficient of determination were calculated by the 
regular procedure. The coefficient of correlation was found to be 
0 G72 and the coefficient of determination, 0 452. As 45 2 percent of 
the variance in the coefficients of effectiveness could be accounted for 
by the total arsenic oxide content of the materials, it is apparent that 
the arsenic oxide content has some influence, although other properties 
of the materials are more important in modifying the insecticidal 
action. 

The coefficient of regression measures the slope of the regression 
line; it shows the average change in the coefficient of effectiveness 
each month the material has been in the soil. The variation likely 
to be present in the coefficient of regression of the different materials 
was determined (1 , p. 252; S , p . 352 ) by the equation 


Standard error of b xy ~ 


-y/N 


The coefficients of regression were then arranged in the order of in¬ 
creasing difference from that of acid lead arsenate, and the differences 
were determined as given in table (>. It was found that magnesium 
arsenate and dicalcium arsenate decreased in effectiveness more rapidly 
than did acid lead arsenate, but no significant difference in the rate of 
change could be demonstrated with the other materials 


Tabi h () Significance of the difference m the change m effective runs of the arsenicals 

m the soil 


Arsenical 


Ac id lead arsenate 
Barmin arsenate 
Muininum arsenate 
^inc arsenate 
lerrit arsenate 
rriLalcium arsenate 
Arsenic trioxide 
Manganese arsenate 
Magnesium arsenate 
U leak min arsenate 


CoetTiuent of 
regression 


0 01794=0 0022 
01784= 0037 
01894= 0049 
01954= 0023 
01594= 0029 
02284= 0050 
01034= 0050 
0277=fc 0055 
02954= 0035 
.03494= 0068 


Dillerence !>e 
tween coeffl 
cient of regres 
sion of acid 
lead arsenate 
and that of 
arsenical 
indicated 


0 00014M) 0041 
00104= 0054 
00164= 0012 
00204= 0036 
00494= 0055 
00764= 0060 
00984= 0059 
01164= 0041 
01704= 0071 


Hut m 


0 02 1 
18 I 
60 1 
66 1 
89 1 

1 27 1 
1 66 1 

2 81 1 


As chemical analyses showed that there was little change in the total 
arsenic content of the soil in the pots during a period of 60 montlis, 
the decrease in the effectiveness of the materials in this case cannot 
be due to removal of the material from the soil by leaching. Basic 
lead arsenate was found to be ineffective, even at 10 times the con¬ 
centration of acid lead arsenate. It appears, therefore, that the loss 



502 


Vol. 52, no. 7 


Journal of Agricultural Research 


of effectiveness of these arsenicals in Sassafras sandy loam can be 
attributed to the slow conversion of the arsenic into a form, probably 
a complex basic salt, that is not toxic to the insect. In the field the 
decrease in effectiveness of an arsenical is influenced to some extent 
by leaching, and under these conditions the change in insecticidal 
action can be attributed to both factors. 

SUMMARY 

During the period 1929 to 1935 a study was made of the relative 
effectiveness of the inorganic arsenates and arsenic trioxide as stomach- 

I joison insecticides for the destruction of the larvae of the Japanese 
>eetle in the soil. The experiments were conducted under conditions 
in which temperature, moisture, and food in the soil were controlled, 
with larvae from the same source. More than 18,000 tests, involving 
90,000 larvae, were made with aluminum arsenate, barium arsenate, 
dicalcium and tricalcium arsenates, ferric arsenate, acid lead arsenate, 
basic lead arsenate, magnesium arsenate, manganese arsenate, zinc 
arsenate, and arsenic trioxide. ^ 

The effectiveness of the materials in Sassafras sandy loam was 
determined immediately after application and at intervals up to 60 
months. The median effective concentration of each material was 
compared with that of freshly applied acid lead arsenate, which was 
used as a standard insecticide and tested at the same time, and the 
results were expressed as the coefficient of insecticidal effectiveness 
of the standard. 

Almost 90 percent of the variance in the coefficients of acid lead 
arsenate, magnesium arsenate, and zinc arsenate, and more than 60 
percent of that of the other arsenates, could be accounted for by the 
period the materials had been in the soil, but only 1.2 percent of the 
variance in the coefficient of arsenic trioxide could be attributed to 
this factor. It is evident, therefore, that the period of time in the 
soil was the most important factor associated with the effectiveness 
of the arsenates but that other factors were more important in 
modifying the insecticidal action of arsenic trioxide. 

Acid lead arsenate appeared to be the most dependable arsenical 
for killing larvae in soil, with zinc arsenate and ferric arsenate almost 
as consistent in their action. The variation in the results obtained 
with aluminum arsenate, dicalcium arsenate, tricalcium arsenate, 
manganese arsenate, and arsenic trioxide was so great as to raise 
some doubt regarding their dependability as soil insecticides. 

Basic lead arsenate was found to be of no value as a soil insecticide. 
Ferric arsenate was significantly less effective and the other materials 
were significantly more effective than acid lead arsenate when freshly 
applied to the soil. There was no correlation between the water- 
soluble arsenic oxide content or the arsenious oxide content of the 
materials and their effectiveness. As 45.2 percent of the variance 
in the coefficients could be accounted for by the total arsenic oxide 
content of the materials, it is apparent that the arsenic oxide content 
has some influence, although other properties of the materials are more 
important in modifying the insecticidal action. 

Magnesium arsenate and dicalcium arsenate decreased in effective¬ 
ness more rapidly than acid lead arsenate, but no significant difference 
in the rate of change could be demonstrated with the other materials. 
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As there was little loss in the total arsenic content of the soil under 
the experimental conditions during a period of 60 months, the 
decrease in effectiveness can be attributed to the slow conversion of 
the arsenic into a form, possibly a complex basic salt, that is not toxic 
to the insect. In the field the loss in effectiveness can properly be 
attributed to the removal of the arsenic by leaching and to its con¬ 
version to an ineffective form. 
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ERRORS OF ROUTINE ANALYSIS FOR PERCENTAGE OF 
SUCROSE AND APPARENT PURITY COEFFICIENT 
WITH SUGAR BEETS TAKEN FROM FIELD EXPERI¬ 
MENTS 1 

B\ F. R Immek, formerly associate qeneticist, 2 and E. L LeCleiuj, assistant 
pathologist , Division of Sugar Plant Investigations , Bureau of Plant Industry , 
Umt(d States Department of Agriculture 

INTRODUCTION 

The extent and source of experimental error, for the determination 
of percentage of sucrose and apparent purity coefficient of sugar 
beets grown in experimental trials, are of considerable practical impor¬ 
tance. Very little information is available regarding the magnitude 
of these errors. Generally, the percentage of sucrose and the apparent 
purity coefficient a re determined from a composite sample of pulp 
rasped from 10, 20, or 30 beets included in the sample. It is important 
to know the rapidity with which the error decreases as the size of 
the sample increases. Since this error will be due to a combination 
of many factors entering into the analysis, it is of interest to deter¬ 
mine also, as far as possible, the source of the major portion of the 
error. With such information available, it is possible to determine 
the lines along which improvement in technique, leading to a reduc¬ 
tion in experimental error, may be sought. 

The following study was made to ascertain the errors of routine 
analysis for the determination of percentage of sucrose and apparent 
purity coefficient in sugar-beet samples from experimental plots. 

MATERIALS AND METHODS 

In 1933 seed of the Kleinwanzleben “Normal” strain of sugar beets 
was planted on May 7, and the beets were harvested October 4 to 6. 
In 1934 seed from a composite cross of several high-yielding varieties 
was planted on May 8, and the beets wore harvested October 9 to 11. 

The seed was planted in rows 20 inches apart and thinned to a single 
beet per 12 inches of row. The stand was satisfactory both years. 
All beets adjacent to obvious skips in the row were removed before 
harvest, and the results were based on the study of beets with normal 
competition on all sides. 

The design of the experiment was the same in both years. The 
land was divided into five blocks each year. In 1933 each block 
was made up of 30 rows. In 1934, 4 of the 5 blocks were 40 rows 
wide while the fifth contained 35 rows. The plots were 60 feet long 
in both years. Each block was divided into 10 plots of equal size. 
Six lots consisting of 2 samples each of 10, 20, and 30 beets were 
taken at random from each plot. Care was used to sample the entire 
plot adequately. 
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The samples were brought to the laboratory immediately. The 
beets were washed and then each beet was split into halves with a 
motor-driven circular saw. The weight of the beets, percentage of 
sucrose, and apparent purity coefficient were obtained for both 
halves of each sample (hereafter called duplicates). The duplicates 
were, therefore, the 10, 20, or 30 halves taken from the left or the 
right side of the saw. 

The percentage of sucrose, by direct polarization, was determined 
by the Sachs-Le l)octe cold-water digestion method from a composite 
of pulp from all the beets in each duplicate. An immersion refrac- 
tometer equipped with a w ater jacket for temperature control w T as used 
to determine the percentage of total solids. The apparent purity 
coefficient (hereinafter called purity coefficient) was then calculated 
by dividing the percentage of sucrose by the percentage of total 
solids. 

A crew of six w ashed and weighed the beets in each sample, split 
them into halves, rasped the halves for a composite sample of pulp, 
determined the saeeliarimeter and refractometer readings, anc^aslied 
the glasses and filters after use. The persons reading the instruments 
had had a short period of training before starting on the regular 
analyses. The saccharimeter readings were made by the same person 
during both years; otherwise the laboratory crew was different each 
year. Speed in operation w as stressed throughout, the analyses in 
this study being made at a rate of slightly over 200 sugar and purity 
analyses each per day of about 7 % working hours. 

Two samples of 10, 20, and 30 beets each were selected from each 
of 10 plots within each of 5 blocks, making 100 samples of each size. 
When the beets includod in each sample were split into halves, 200 
duplicate samples resulted, thus permitting 200 readings to be made 
for each sample size. The entire experiment was duplicated the sec¬ 
ond year. The data were analyzed by the procedure described by 
Fisher 3 as the analysis of variance. 

Analyses of variance were made, for each of the three sample sizes 
in each of the 2 years, for weight of beet, percentage of sucrose, and 
purity coefficient. Analyses of covariance were made, for each sample 
size, for the three variables in all combinations consisting of groups 
of two. 

EXPERIMENTAL RESULTS 

Table 1 gives, for each sample size, the means for weight per beet 
(in pounds), percentage of sucrose, and purity coefficient for each year 
and for the average of both years. 

Table l.~ Mum weight pir beet, percentage of sucrost, and apparent purity 
coifhcunt for 10-, <20-, and 30-bect samples m each of 2 i/tars and the average of both 
yea rs 

\1F\N WKtGHl PER BFET (POUNDS) 


Year 

10-beet 

sample 

20-beet 

sample 

30-beet 

sample 

1033 ... ... 

1934 . .... 

1 5U4 
9330 

1 5274 
8714 

1 4492 
.9235 

V\pniRt‘ . ... . 

1 2337 

1 1994 

1 1864 

8 FlSHBR, R A. STATISTIC VT METHODS FOR REi>*UUH WORKERS 
Edinburgh and London 19 H 
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Table 1 .—Mean weight per beet, percentage of sucrose , and apparent purity 
coefficient for 10-, 20 -, and 80-beet samples in each of 2 years and the average of both 
years —Continued 

MEAN PERCENTAGE OF SUCROSE 


Year 

10-beet 

sample 

20-beet 
sample 

30-beet 

sample 

1934TI'"I"‘’---~- —.— - - — - 

Average.. . - - 

16 0075 
16 8235 

15 9635 

16 7270 

16.0855 
16.7060 

16. 4155 

16 3452 

16 3958 


MEAN PURITY COEFFICIENT 


1933 . 
1931 _ 


87.6702 87 2352 87.4514 

85.0634 84 8072 85.0843 


Average. 


86.3668 86 0212 86 2678 


The average weights per beet for the three sample sizes were approx¬ 
imately on the same level, indicating that errors due to selection of 
larger or smaller beets for the different samples had been adequately 
controlled. These averages assure that the method of selecting beets 
in the field was satisfactory for the laboratory samples. The average 
percentages of sucrose and purity coefficient were sufficiently similar 
for both years to meet the needs of this study. 

The mean squares from the analyses of variance for 10-, 20-, and 
30-beet samples are given in table 2. The mean squares for weight 
of beets, percentage of sucrose, and purity coefficient are designated 
as w 2 , s 2 , and p 2 , respectively, and the mean products by ws, wp, 
and sp. 

Table 2. —Mean squares and mean products of weight per beet (in pounds ), per¬ 
centage of sucro8e t and purity coefficient for 10-, 20-, and 80-beet samples in 1933 
and 1984 

10-BEET SAMPLES 


Year 


1933 _ 

1934 . 


Average of 1933 
and 1934. 


1933. 

1934. 


Average of 1933 
and 1934. 


Apirortioument of 
variation 


(Plots within blocks_ 

Samples within plots 
I Duplicates within samples 

Plots within blocks. 

Samples within plots. 

Duplicates within samples. 

{ Plots within blocks . 

Samples within plots_ 

Duplicates within samples.. 


Plots within blocks. 

Samples within plots. 

Duplicates within samples 

Plots within blocks_ 

Samples within plots. 

Duplicates within samples 

Plots within blocks. 

Samples within plots 
Duplicates within samples 


De- 

Mean squaie * 

Moan product * 








free- 







dom 1 

IV* 


pi 

W8 

up 

sp 

45 

2 7327 

1 3847 

13 0693 

-0.6102 

-0 5054 

2 5657 

50 

1.4697 

..5046 

7 4557 

-. 1128 

.0146 

9847 

100 

.1834 

0790 

1 8304 

- 0168 

-.0316 

1585 

45 

1 0995 

1 2684 

4 3748 

- 3604 

- .5739 

1 3374 

.50 

. 3974 

. 1928 

I 3781 

- 0278 

- 1999 

. 3353 

100 

.0443 

.0338 

1 0795 

- 0010 

0093 

. 1042 

90 

1 9161 

1 3266 

8 7220 

-.4^53 

-. 5396 

1.9516 

100 

.9336 

. 3487 

4.4169 

-.0703 

- 0926 

.6600 

200 

51138 

0564 

1.4550 

— (X)89 

-.0111 

. 1314 

AMPLES 






45 

6.3748 

0.9976 

19 9208 

-0.3807 

-0 1758 

3.3073 

50 

4 5531 

.3024 

4 0739 

- .5786 

-.3615 

.6763 

100 

4242 

.0570 

1 4132 

- 0056 

-.0516 

. 1141 

45 

1.7490 

.7229 

4.2522 

0275 

.3943 

.9005 

50 

2. 2546 

.3878 

1.6592 

- 2072 

-.1746 

.1489 

100 

.1630 

.0404 

1.0005 

-.0034 

-.0022 

1122 

90 

4 0619 

.8602 

12.0665 

-.1766 

.1092 

2 1039 

100 

3.4038 

.3451 

2.8666 

- 3929 

-.2680 

.3626 

200 

.2936 

.0487 

1.2068 

-.0045 

-.0269 

. 1132 


11!} e degrees of freedom due to variation between blocks in each analysis are not shown 
The mean squares for weight of beets, percentage of sucrose, and purity coefficient are designated as 
a nfl p '' respectively. 

The mean products of weight X sucrose, weight X purity, and sucrose X purit> are designated as m 
W P> and up, respectively. 
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Table 2 .—Mean square ? and mean products of weight per beet (in pounds), per¬ 
centage of sucrobt, and puritt/ coefficient for 10 -, 20-, and 30-beet samples in 1933 
and 1934 —Continued 


30-BEET SAMPLES 



Api>ortionmont of 

De¬ 
grees of 

Mean square 

Mean product 

V ear 

" variation 

free¬ 

dom 

w;* 

«2 

P i 

ws 

up 



(Plots within blocks 

45 

7 2170 

0 6807 

18 9185 

-0 1119 

1 3945 

2 7406 

itm 

Samples within plots 

50 

5 5288 

4008 

6 9691 

- 3122 

- 6615 

9022 


I Duplicates within samples 

100 

6376 

0782 

1 9378 

- 0001 

0973 

.2134 


Plots within bloc ks .. 

45 

6 5908 

7684 

2 1113 

- 5597 

- 0578 

5797 

1934 

Samples within plots 

50 

2 5640 

.1361 

1 7488 

- 0344 

1993 

1257 


1 Duplicates within samples 

100 

3226 

0333 

7846 

- 0199 

- 0902 

1067 


(Plots within blocks 

90 

6 9042 

7246 

10 5149 

- 3358 

6684 

1.6602 

\ v pruge of 1911 

urwl IU(i 

Samples within plots 

100 

4 0464 

2684 

4 3590 

- 1731 

- 2311 

5140 

HimI iiMi 

(Duplicates within samples 

200 

4801 

0558 

1 3612 

- 0060 

0036 

1600 


— 

- 

— 

— 

— 

— 

— 



The mean squares for variability between blocks and far total 
a ariability are not given in table 2 since they are not needeoin the 
present study. 

The beets were smaller in size in 1934 than in 1933 (table 1), and 
from the data in table 2 it appears that the variability was corre¬ 
spondingly reduced. The variance for weight of beets between samples 
from the same plots was less than one-half as great in 1934 as in 1933. 
The variability in weight between halves of the same samples (du¬ 
plicates) also was less than one-half as great in 1934 as in 1933. The 
variability in weight is of interest insofar as the weight of beets has a 
bearing on the percentage of sucrose and purity coefficient. 

The \finance between duplicates within samples for percentage of 
sucrose w as less than one-half as great in 1934 as in 1933 for the 10- and 
30-beet samples, with a smaller reduction in the 20-beet samples. 
The av erage laboratory-error 4 variances for all samples were for 1933, 
0.0714; for 1934, 0 0358; and for the 2 years, 0.0536. The corre¬ 
sponding standard errors of a single analysis would be, therefore, 
0.2672, 0 1892, and 0 2315. This reduction probably is due to 
greater precision in the laboratory in 1934, since the variability between 
duplicates must be due to laboratory errors alone. 

As an average of both years, it cannot be said that the variance 
between duplicates for percentage of sucrose (laboratory-error vari¬ 
ance) was different for the 10-, 20-, and 30-beet samples, the variances 
being 0.0564, 0.0487, and 0.0558, respectively. Since there seems to 
be no difference between the laboratory variances for 10-, 20,- and 
30-beet samples, it may be concluded that inaccuracies due to splitting 
the beets into halves, rasping, and mixing the larger mass of pulp from 
the 30-beet samples as compared with the smaller samples were not 
significantly different in the three sample sizes. 

The laboratory-error variance for purity coefficient, like that for per¬ 
centage of sucrose, was much lower in 1934 than in 1933. The average 
laboratory-error variances for all samples were for 1933, 1.7271; for 
1934,0.9549; and for the 2 years, 1.3410. The corresponding standard 
errors of a single analysis were 1.3142, 0.9772, and 1.1580. The 
average lab oratory-error variances for the 2 years wqre 1.4550,1.2068, 

* The term “laboratory error’ 1 is used to designate all possible sources of error that can occur in the labo* 
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and 1.3612 for the 10-, 20-, and 30-beet samples, respectively. There 
was no consistent variation in the variances with increase in sample 
size. 

It is of interest to compare the relative magnitude of the laboratory- 
orror variances for percentage of sucrose and purity coefficient. The 
average variance for percentage of sucrose for all samples was 0.0536, 
while that for purity coefficient was 1.3410; hence the variance of 
purity coefficient was 25 times as great as that for percentage of 
sucrose. Table 1 shows that the average percentage of sucrose for 
all samples was 16.3855, while the average purity coefficient was 
86.2186, the latter being 5.26 times as great as the former. It is 
apparent, therefore, that the relative variance (variance divided by 
the squared mean) was very nearly the same for both percentage of 
sucrose and purity coefficient. The relative variance for percentage 
of sucrose was .0536-^(16.3855) 2 , or 0.00020, while that for purity 
coefficient was 1.3410-r-(86.2186) 2 , or 0.00018. The standard errors 
for laboratory errors in percentage of the mean were 1.41 and 1.34 
for percentage of sucrose and purity coefficient, respectively. 

The mean products (table 2) for weight of beets and percentage of 
sucrose are negative, with one exception, and indicate a small negative 
correlation. The mean products for weight and purity coefficient 
were more often negative than positive, and very small. However, 
t lie mean products of percentage of sucrose and purity coefficient 
were positive and indicate positive correlation between these two 
variables. The significance of the correlation coefficients to be 
derived from the mean products and mean squaros will be discussed in 
greater detail later. 

The variance due to variability between duplicates within samples is 
due to errors in the laboratory method. The variance due to varia¬ 
bility between samples within plots is due to laboratory errors plus the 
true variance betwoen the individual samples from the same plots. 
The latter is due to genetic and environmental factors affecting the 
weight, percentage of sucrose, and purity coefficient of the individual 
heets. 

Table 3 brings together data, taken from tablo 2, on the two vari¬ 
ances for percentages of sucrose for the three sample sizes. 


TjUUiE 3.— Mean .squares for 'percentages of sucrose and for purity coefficient of 
10-, 20 -, and 30-bc(t samples taken in 1933 and 1934 


Your 

Apportionment of variation 

De¬ 

grees 

of 

free¬ 

dom 

Mean square for 
percentage of su- 
croSfe in samplos 
having indicated 
number of beets 

Mean square for pu¬ 
rity coefficient in 
samples having in¬ 
dicated number of 
beets 

10 

20 

30 

10 

20 

30 

1933 

[Samples within plots. 

60 

100 

60 

100 

0.5046 

.0790 

.1928 

.0338 

0.3024 
.0570 
.3878 
.0404 

0.4008 

.0782 

.1361 

.0333 

7.4667 
1.8304 

1.3781 

1.0795 

4.0739 

1.4132 

1.6592 

1.0005 

6.9691 
1.9378 
1.7488 
.7846 

1934.. 

Average for 1933 and 
1934. 

1 Duplicates within samples.. 

[Samples within plots. 

(Duplicates within samples.. 

[Samples within plots. 

100 

200 

.3487 

.0564 

.3461 

.0487 

.2684* 

.0658 

4.4169 

1.4650 

2.8666 

1.2068 

4.3590 
1.3612 

(Duplicates within samples.. 


60150 -36-3 
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While the laboratory-error variances for percentage of sucrose were 
reduced in 1934 as compared with those in 1933, the ratio of the 
laboratory-error variance to the variance between samples within plots 
was relatively similar in both years. Consequently, the interpreta¬ 
tion of these data will be based on the averages of both years. 

In order to estimate the expected variance for a given number of 
samples from a plot and a given number of laboratory analyses per 

an 

sample the formula ^+]y^ ina y k)e llsed > 5 where 

required variance per plot, 

A r —number of samples per plot, 

11 =number of laboratory analyses per sample, 

j 7 f= variance due to laboratory errors (between duplicates within 
samples), 

— variance between samples within plots due to genetic or environ¬ 
mental factors; i. e., variance between samples within plots minus 
variance between duplicates within samples expressed on a sample 
basis. ^ 

Table 4 shows the average values of p and m for 1933 and 1934. 
The values of m are taken directly from table 3, and the values of p 
are computed from the same table. The value of p for the 10-beet 

samples, for example, is ^’^^^-=0.1402. To convert this 

variance from the basis of a single laboratory analysis to a sample basis 
it is necessary to divide by 2, since two analyses were made on each 
sample. The variance of a single plot is seen to be made up of two 
components: (l) The laboratory-error variance and (2) the variance 
due to the true variability between samples. Both contribute to the 
error of the plot. 


'Fable 4.- - Variance p v and variance m 2 in percentage of sucrose of ]()-, 20 -, and 
30-beet samples for the 2-gear averages for 1933 and 1934 


Apportionment of 
variance 

10-beet 

samples 

20-beet 

samples 

30-boot 

samples 

P -- - 
m.. _ 

0. 1402 1 

. 0504 

0. 1482 
.0487 

0.1003 
. 0558 


1 p-variance between samples within plots due to genotie or environmental factors; i. e , variance be¬ 
tween samples within plots minus variance betw een duplicates within samples expressed on a sample basis. 
3 m =variance due to laboratory errors (between duplicates within samples). 


As pointed out previously, the laboratory-error variances (m) do 
not seem to vary with the size of the sample. The estimated variances 
for the true variability {j)) between the 10-, 20-, and 30-beet samples 
were 0.1402, 0.1482, and 0.1003, respectively. These variances would 
be expected, theoretically, to be inversely proportional to the size of 
the sample, i. e., 10-, 20-, and 30-beet samples, as the degrees of free¬ 
dom increase without limit. The values of p for the 20- and 30-beet 
samples are approximately proportional to the inverse ratio of the 
number of beets in the sample, but the value of p for the 10-beet 
samples is lower than expected. 

-- * 

s lMMER, F. K. A NTl 1)V OF SAMPLING TKCIIN1C W'lTH SUGAR BEETS JoUT. Agr. KCvSeftrch 44. 033-647 
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Increasing the number of laboratory analyses per sample or reduc¬ 
ing the laboratory error by more careful technique reduces the vari¬ 
ance m. Likewise, increasing the number of samples of beets for 
sucrose analysis from each plot reduces the variance p. The experi¬ 
mental error of the individual plots is made up of both m and p. 

]f one 20-beet sample is taken from a plot and duplicate sugar 
analyses are made on the sample, the variance for the plot (using the 
a\erages for both years) is 


A"—0.1482 + 


0.0487 


—0.1726 


If the two 20-beet samples are taken from a plot and only one 
laboratory analysis is made on each sample, the plot variance is 

~ 0 1482.0.0487 n Ano , 

A--- 2 + 2 —0-0984 


Thus it is seen that if the total number of analyses is held constant, 
increasing the number of samples from a plot decreases the error of the 
experiment more rapidly than does increasing the number of labo¬ 
ratory analyses per sample. If but one 20-beet sample is taken from 
each plot and one anlaysis is made, the variance is 

K- 0.1482+0 0487 — 0 1969 

E\en though the laboratory variance were reduced to zero, the plot 
variance (K) would still remain at 0.1482, or 75 percent as great as at 
present Thus, increasing the precision in the laboratory can affect 
only 25 percent of the plpt variance obtained in this study. 

(ireater precision in making the laboratory analyses can be expected 
to reduce the variance m> but will have no effect on the value of p. 
While the laboratory errors are probably greater than could be 
obtained by more careful work by a more adequately trained tech¬ 
nician, they are relatively small as compared with the large errors 
due to the variability between the individual beets. 

In table 3 are given the variances of purity coefficients for samples 
within plots and duplicates within samples for the 10-, 20-, and 30-beet 
samples. The laboratory error as measured by variance between dupli¬ 
cates within samples, for the average of all three sample sizes, was only 
55 percent as great in 1934 as in 1933. The variance for percentage 
of sucrose in 1934 was 61 percent as great as in 1933. Thus it Appears 
that the reduction in the error in purity coefficient followed closely 
the reduction in the error in percentage of sucrose. It is the reduc¬ 
tion in variance between samples within plots which is more striking, 
the variance in 1934 being only 74 percent as great as that in 1933. 
urowing conditions in the autumn of 1933 were normal, whereas in 
1934 a very severe and protracted drought greatly delayed growth 
and reduced the size of the beets. It was shown in table 2 that the 
beets were more uniform in size and in purity coefficient in 1934 than 
in 1933. Therefore, it seems reasonable to assume that this reduc¬ 
tion in variability in purity coefficient probably was associated to a 
considerable degree with climatic conditions conducive to greater 
uniformity between beets. 
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As an average of both years, the variance m (duplicates within 
samples) was 1.4550, 1.2068, and 1.3612 for the 10-, 20-, and 30-beet 
samples, respectively. The variance was lowest for the 20-beet 
samples but this probably was due to error of random sampling. It 
appears that the laboratory -error variances for purity coefficient did 
not vary significantly with size of sample. This fact would follow 
logically after the conclusions drawn for percentage of sucrose. 

The values of variance p for the 10-, 20-, and 30-beet samples, as 
an average of both years, were 1.4810, 0.8299, and 1.4989, respectively. 
Thus, the estimated true variance between samples (apart from lab¬ 
oratory errors) was the lowest for the 20-beet samples. These values 
of variance p were essentially the same for the 10- and 30-beet sam¬ 
ples, however. 

As an average of both years, the ratio of values of the variance p to 
\arianee m for percentage of sucrose varied from 2:1 to 3:1 with 
different sizes of samples. The same ratio for purity coefficient varied 
from 1:1 to 0.7:1. From this it is apparent that the laboratory 
errors are of greater importance for purity coefficient than for per¬ 
centage of sucrose. Therefore, improvements in laboratory technique 
leading to lower laboratory errors are relatively more importarifr in 
reducing the experimental error for purity coefficient than for per¬ 
centage of sucrose. Any reduction in the laboratory error for per¬ 
centage of sucrose would reduce the error for purity coefficient as 
well, since the saceharimeter reading is used in the calculation of 
purity coefficient. 

Since the variances p and m, for the 2-\ear average of the 20-beet 
samples, were 0.8299 and 1.2068, respectively, a single sample per 
plot and but one laboratory analysis would give a variance of 
A- 0S299i 1.2068, or 2.0367. The laboratory-error variance (1.2068) 
would be 59 percent of this plot error. In the case of percentage of 
sucrose, the laboratory-error variance was but 25 percent of the plot 
variance 

The laboratory errors for purity coefficient were relatively more 
important in 1934 than in 1933. Using the 20-beet samples as an ex¬ 
ample, the laboratory-error variances were 52 and 75 percent of the 
plot variances for a single analysis on a single sample in 1933 and 1934, 
respecthely. 

Since the relative variances (variance divided by squared mean) of 
laboratory error for percentage of sucrose and purity coefficient were 
very similar and the estimated variances due to the true variability 
between beets (variance p) were proportionately much greater than 
variances u\ for percentage of sucrose than for purity coefficient, it 
appears clear that the beets varied considerably less m purity coeffi¬ 
cient than they did in percentage of sucrose. This was true particu¬ 
larly in 1934. 

When the total number of laboratory tests was held constant, mak¬ 
ing several analvses per sample reduced only variance m whereas 
analyzing several samples with only one laboratory analysis per sam¬ 
ple reduced both variance m and variance p. 

From the foregoing it is apparent that it is preferable to analyze 
several samples from a plot, with only one analysis of each sample, 
than to make several analyses per sample. 
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In table 5 are given the coefficients of correlation for (1) weight of 
beets with percentage of sucrose, (2) weight with purity coefficient, 
and (3) percentage of sucrose with purity coefficient. The coefficients 
were calculated directly from the mean products and mean squares of 
table 2. 

Table 5 .—Coefficients of correlation for weight and percentage of sucrose, weight , 
and purity coefficient , and percentage of sucrose and purity coefficient in 10- t 30-, 
and 30-beet samples taken in 1,933 and 1934 


10-BEET SAMPLES 





1 Correlation coefficient of—- 1 



Degrees of 




i ear 

Apportionment of variation 

freedom 

w and 8 

w and p 

8 and p 








Plots within blocks__ 

45 

-0.3137 

-0.0840 

0.6031 

1933 

Samples within plots_... 

Duplicates within samples.... 

50 

1310 

.0044 

.5077 


100 

-.1396 

-.0544 

.4168 


Plots within blocks_ 

4f> 

3052 

-.2617 

.5077 

1934 .... _ . . 

Samples within plots. 

Duplicates within samples.. 

60 

-.1004 

.2701 

6505 


100 

-. 0258 

.0425 

.5455 



90 

- 3044 

—.1320 

. 5737 

A verage of 1933 and 1934_ 

[ Samples within plots_ .. 

(Duplicates within samples.... 

i 

100 

-. 1232 

-.0456 

.6318 

200 | 

-.1110 

-.0273 

.4587 


20-IlEET SAMPLES 






(Plots within blocks. 

Samples within plots_ 

(Duplicates within samples_ 

45 

-0. 15J0 

-0.0150 

0 7419 

1933. .... ... 

60 

-.4931 

-.0839 

.6195 


100 

-.0485 

-.0666 

.4020 


(Plots within blocks_ 

'Samples within plots.- 
(Duplicates within samples.. 

45 

.0245 

. 1446 

. 5136 

1934.. .. . . 

50 

-.2216 

-.0903 

.1856 


J00 

.0419 

-.0054 

.5581 


(Plots within blocks_ . 

[Samples within plots_ 

(Duplicates within samples_ 

90 

-.0945 

.0156 

.6525 

Average of 1933 and 1934 

100 

-. 3625 

-.0858 

.3046 

200 

-. 0370 

-.0452 

.4669 


30-BEET SAMPLES 






(Plots within blocks.. 

[Samples within plots.. 

(Duplicates withfn samples. 

45 

-0.0505 

0.1193 

0 7637 

1933 .. 

50 

—. 2097 

1006 

.5398 


100 

-.0004 

.0875 

.5482 


(Plots within blocks.. 

45 

-.2487 

-.0155 

.4551 

1934.. ... 

[Samples within plots_ 

(Duplicates within samples... 

50 

1 -.0582 

.0941 

.2676 


100 

-. 1148 

1793 

.6601 


(Plots within blocks__ . 

90 

-.1601 

.0784 

.6015 

Average of 1933 and 1934.. 

[Samples within plots_ . 

(Duplicates within samples.... 

100 

200 

-.1663 

-.0367 

-.0550 

.0045 

.4762 

.6806 


1 weight; «=percentage of sucrose; p- purity coefficient 


In the notation previously employed for designating the mean 
squares and mean products, the coefficient of correlation between 
weight of beets and percentage of sucrose would be 

S(ws ) 


The correlation coefficient for variability between duplicates within 
10-beet samples in 1933, for example, as calculated from table 2, 
would be 

/ _Z^ 01 / i8_, 1 _o.l396 

V0.1834V0i0790 
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In testing the significance of these correlation coefficients we may 
use the 5-perrent level of significance to test whether the observed 
coefficients could ha\e arisen by chance from an uncorrelated popula¬ 
tion/' To exceed the 5-percent level of significance the correlation 
coefficients would need to be greater than the values given below, for 
the degrees of freedom in table 5. 


v of 


Correlation coefficient* 

frtulom 


at 5-percent point 

45 

... 

.. 0. 2905 

50 

_ 

_ .2757 

00 


- .2061 

100 


. 1955 

200. 


.. . 13S4 


The correlation coefficients for weight of beets and percentage of 
sucrose between duplicates within samples were all negative, though 
nonsignificant. It is clear, therefore, that the slight differences 
between the weights of the two halves of the split sample of beets 
(duplicates) did not significantly affect the percentage of sucrose. 
Thus, splitting of the beets prior to rasping the pulp for analysis was 
accomplished with sufficient accuracy to prevent this from being a 
source of detectable error in the sucrose analyses. While an inlieffcnt 
negathe correlation between weight of beets and percentage of sucrose 
between samples within plots is evident, only in one instance, that of 
the 20-beet samples in 1933, was the correlation coefficient significant. 
This coefficient made the correlation for the average of both years 
significant for that comparison. It appears that variability in weight 
between samples from the same plots was not sufficiently large to 
affect appreciably the percentage of sucrose. 

The purity coefficient was not significantly correlated with weight of 
beets for any of the comparisons made. 

The coefficients of correlation between percentage of sucrose and 
purity coefficient were all positive Only 2 coefficients out of 27 
calculated failed to reach the 5-percent level of significance, namely, 
those for samples within plots in 1934 for both the 20- and 30-beet 
samples 

As an average for both years, the correlation between percentage of 
sucrose and purity coefficient, for variability between duplicates 
within samples, was expressed in coefficients of 0.45 87 , 0.40(39, and 
0.5800 for the 10-, 20-, and 30-beet samples, respectively. These 
coefficients are highly significant and it can be concluded that the 
purity coefficient w as closely associated with percentage of sucrose. 

Calculating the regression of purity coefficient on percentage of 
sucrose, for \ariability between duplicates within samples, it is found 
that the regression coefficients from the averages of both years w r ere 
2.3298, 2.3244, and 2.8074 for the 10-, 20-, and 30-beet samples, 
respectively. These coefficients w'ere computed from the mean prod¬ 
ucts and mean squares found in the appropriate rows in table 2. 
From the regression coefficients it can, therefore, be stated that as 
percentage of sucrose increased by 1 percent the purity coefficient 
increased by 2.33, 2.32, and 2.87 percent in the 10-, 20-, and 30-beet 
samples, respectively. 


6 I'ishkh. R \ iSoc footnote J ) 
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It is only the portion of the variability in purity coffieient not 
associated with percentage of sucrose which is of appreciable value. 
The percentage of the variability in purity coefficient (as measured 
by sums of squares) which is associated with percentage of sucrose 
will be given by r 2 . Squaring the coefficient of correlation (as an 
average of both years) between purity coefficient and percentage of 
sucrose, for variability between duplicates within samples, it may be 
said that 21, 22, and 34 percent of the sums of squares for purity 
coefficient, in the 10-, 20-, and 30-beet samples, respectively, was 
associated with variability in percentage of sucrose. Roughly one- 
fourth of the variability in purity coefficient between duplicates was 
dependent on its inherent association with percentage of sucrose, leaving 
7f> percent independent of variability for percentage of sucrose. 

SUMMARY ' 

A study was made of the errors of routine analysis for percentage 
of sucrose and purity coefficient in sugar beets taken from field 
experiments. Comparative analyses were made on 10-, 20-, and 
30-beet samples in each of 2 years. 

The laboratory errors between 10-, 20-, and 30-beet samples did 
not vary significantly for either percentage of sucroso or purity 
coefficient. 

The laboratory error was a proportionately greater part of the plot 
error for purity coefficient than for percentage of sucrose. Increasing 
the number ol samples analyzed per plot would reduce the plot 
variance more rapidly than increasing the number of analyses per 
sample. 

A negative, though nonsignificant, correlation coefficient for varia¬ 
bility between duplicate analyses of the same samples was obtained 
between weight of beets and percentage of sucrose or purity coefficient. 

The correlation between percentage of sucrose and purity coefficient 
was positive and highly significant. As the percentage of sucrose 
increased by 1 percent the purity coefficient increased by 2.33, 2.32, 
and 2.87 percent in the 10-, 20-, and 30-beet samples, respectively. 
Approximately one-fourth of the variability in purity coefficient, as 
measured by the differences between duplicate samples, could be 
ascribed to its inherent association with percentage of sucrose. 




AVAILABILITY OF THE COPPER OF BORDEAUX MIX¬ 
TURE RESIDUES AND ITS ABSORPTION BY THE 
CONIDIA OF SCLEROTINIA FRUCTICOLA 1 

By M. C. Goldsworthy, associate pathologist , and E. L. Green, associate bio¬ 
chemist, Division of Fruit and Vegetable Crops and Diseases , Bureau of Plant 

Industry , United States Department of Agriculture 2 

INTRODUCTION 

The present paper deals with the deposit left by the drying of a 
bordeaux mixture spray and its effect on the conidia of Sclerotinia 
jructicola (Wint.) Relim. This residue consists of the sediment or 
precipitate and the materials that were dissolved in the water that 
evaporated. It has been established by previous workers that a 
fresh residue usually contains calcium hydroxide, calcium sulphate, 
calcium carbonate, basic copper sulphate, and copper hydroxide. 
That it is very slightly soluble, os indicated by its resistance to 
washing by rains, has been established by studies of the copper com¬ 
pounds it contains. 

The work reported herein was chiefly concerned witli the toxicity 
of the residues after aging and weathering, the latter term including 
the effects of rain, dew, atmospheric gases, and plant excretions. 

REVIEW OF LITERATURE 

Studies of the physical and chemical properties of bordeaux mix¬ 
ture (7, 22, 24 ) 3 have shown that the copper i& in the form of basic 
sulphates, which investigators have assumed become slightly soluble 
when acted upon by carbon dioxide of the air or by spore and host 
excretions. 

A large literature lias been built up around the above-named hy¬ 
potheses, which have been well discussed by Martin (21) and Mc- 
Callan (19). According to these hypotheses, the toxicity of the 
basic sulphates of copper is due to the liberation of soluble copper 
after the materials have been deposited upon the host plants, and 
not to the soluble ions and soluble complexes inherent in the deposits 
themselves. 

Whetzel and McCallan (29, p. 3) summarized the published infor¬ 
mation on the solubility of bordeaux mixture in these words: 

It is generally recognized, however, that certain of our standard fungicides, 
notably bordeaux mixture and sulfur dust, are not sufficiently soluble in pure 
water ito exercise their fungicidal properties. 

Although it has been the accepted* theory that the precipitates 
of bordeaux mixture are not in themselves sufficiently soluble to 
exert a toxic influence, and a considerable amount of research has 

1 Received for publication Nov. 27, 1935, Issued April, 1930. 

2 The writers wish to express their appreciation to J. w. Roberts, of this Division, for his helpful sugges¬ 
tion during the course of this investigation, and to other members of the Bureau of Plant Industry and 
to members of the Bureau of Chemistry and Soils for their criticisms in the preparation of the manuscript. 

2 Reference is made by number (italic) to Literature Cited, p 532. 
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been carried out to determine how and why these precipitates become 
soluble, it is only recently that we haveVome to an understanding 
of some of the principles involved. Although it has been recognized 
by Clark (JO), Crandall (11), Barker and Gimingham (4) f McCallan 
Cl9), Lutrnan (17), and many others that bordeaux mixture precipi¬ 
tates are toxic to fungus spores from the time they are applied, it 
still remains to he proved just how that toxic effect is produced. 

The study of bordeaux mixture must take account of its chemical 
composition and properties, and for this reason a review of the perti¬ 
nent knowledge on these subjects is presented. The chemical com¬ 
position of bordeaux mixture is known to be quite complex. One 
reason for this is found in the wide range of proportions and con¬ 
centrations of the solution of copper sulphate and the solution or 
suspension of calcium hydroxide that are stirred together to make 
bordeaux mixture. 

Pickering ( 24 ) concluded that the proportion of lime should not 
exceed that necessary to react with all the copper sulphate. He 
found this to be three-fourths of a chemically equivalent weight, or a 
trifle more than 1 part by weight of hydrated lime to 5 parts of copper 
sulphate crystals. This fact and his studies of the precipitate showed 
that the copper compound formed by the reaction was the basic 
sulphate CuSO, lU'ufOH)^ the same that had been described long 
before by Proust (20, p. 34) as the result of the prolonged reaction 
ol copper hydroxide with copper sulphate. According to Posnjak 
and Tunell (23), extensive studies of copper compounds have by 
now led most of the interested authorities to conclude that at tem¬ 
peratures between 0° and 40° (\ and near the neutral point this 
compound is the only one formed Pickering’s restriction of the lime 
kept the alkalinity of his preparation in this same range. An alka¬ 
linity greater than 0.05 normal (pH 12.5) cannot be attained with 
lime because of its small solubility. Thus certain basic compounds 
of copper that have been shown to be formed in more alkaline solu¬ 
tions are formed only slowlv and incompletely in calcium hydroxide 
solutions, J 

Injuries to host plants have compelled the use of much greater 
proportions of lime than those recommended by Pickering (24)) in 
fact, the weight of lime taken at present is more likely to be at least 
equal to the weight of the copper sulphate than to be only a fifth 
• l *i • 10 s( ' ( ^ mon t °f these mixtures contains calcium hydroxide 
Jim . . 1011 *° sulphate, for more is present than will dissolve. 

I lus circumstance makes the basicity of the insoluble copper com¬ 
pounds difficult to estimate, and accordingly divergent results have 
been reported. These results have led to suggestions that a number 
of basic compounds of copper and double compounds of lime and 
copper are formed. However, Martin (22) has presented evidence 
of a slow transformation of the basic sulphate first formed to the 
hydroxide, and offers this as an explanation of the divergent results. 

Since the immediate effect of bordeaux mixture in the control of 
fungi ( 4y lQj 11} 17, 19) and obvious damage to certain host plants 
(3) cannot be adequately explained except by assuming that some of 
the copper passes into solution, the copper compounds of the residue 
cannot be considered strictly insoluble. In one of the earliest papers 
on bordeaux mixture, Millardet and Gayon (23) suggest an inherent 
solubility, and more recently Hockenyos ( 14 ) and RibSreau-Gayon 
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(27) found that this solubility measures several parts per million. 
In the work presented in this paper the writers have found that the 
copper of bordeaux mixture dissolves in water at the rate of about 4 
parts per million. The behavior of bordeaux mixture as reported 
herein indicates that something different from the inherent solubility 
of these copper compounds is responsible for the fact that the copper 
is readily taken up from certain residues by fungus spores. These 
results agree better with the theory that there is present a varying 
quantity of a certain sort of copper compound, not necessarily ionic, 
which is subject to absorption by the spores. For this property the 
term “availability” is suggested to distinguish it from solubility, 
which means the quantity of the residue constituent that will dissolve 
without lirst undergoing change. 

That the solubility of unaltered bordeaux mixture residues in large 
quantities of w r ater does not yield sufficiently high concentrations of 
copper to be harmful to the test spores has been proved by a number 
of investigators (4, /#, 21, 28); but contact with the particles of the 
same residues in small quantities of water has killed some of the same 
spores w T itli little delay. It is also well known that the shorter the 
distance between a particle of residue and a spore the sooner toxicity 
becomes evident (4). 

The literature discussed so far has dealt exclusively with freshly 
made precipitates or wfith fresh residues. It is obvious that practical 
work in the field lias to do with residues in this condition for only a 
relati\ely short time and that most of their usefulness comes after a 
certain period of aging and exposure to weather. The resultant 
effects upon the spray residues need to be understood, particularly in 
establishing bases of comparison in the development of new fungi¬ 
cides. Recently Branas and Dulac (5) reported the results of their 
studies on copper dissolved from residues that w r ere washed witli so¬ 
lutions made up to imitate ram water; however, the residues were 
filtered off and were not studied. 

MATERIALS AND METHODS 

Residues resulting from bordeaux mixture sprayed upon microscope 
cover slips were exposed to natural weathering in the orchard and then 
brought into the laboratory for critical tests, both as to chemical 
changes and as to toxicity to organisms. Tests were also carried out 
w r ith residues that had been aged in the laboratory. 

Conidia of Sclerotinia frvctieola were used in this work. The quan¬ 
tity of similar work done with this organism attests its suitability. 
These conidia are large, hyaline, easily stained, and have large vacuoles 
and well-defined granules. Germinability is high and dependable. 
For the most part the conidia were from 10- to 16-day-old cultures 
growrn upon nutrient potato hard agar. Occasionally the conidia were 
obtained from growths upon sterile string bean and from rotting 
peaches and plums 

The precautions given by McCallan (18) for germination tests were 
strictly observed. Suspensions of the conidia were prepared so that 
they contained about 30 cells to a low-power field (X 125). 

'I'he tests for toxicity were carried out by placing the conidia of 
Sclerotinia fructicola in drops of water or dilute nutrient solutions upon 
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the residues, the cover slip being inverted and used as the cover of a 
Van Tieghem cell. All tests were made in duplicate. 

Thick (no. 2) cover slips were used to reduce breakage. The 24- by 
50-mm size was chosen because two tests could be made with each 
slip by breaking it into halves. The slips were cleaned, numbered on 
the back, and laid upon paper towels on a horizontal surface, none 
touching another slip. They were then sprayed by means of a hand 
atomizer until each was covered with a complete layer of spray liquid, 
and dried. Averaging a number of determinations of total copper 
(Cu) upon slips prepared in this way gave 36 micrograms per square 
centimeter, which is in reasonable agreement with the amount found 
by Hockenyos and Irwin (15) and by Holland, Dunbar, and Gilligan 
(10) for the surface of leaves sprayed in the orchard. 

The hordeaux mixture spray used in all tests contained the equiv¬ 
alent of 2 pounds of copper sulphate (CuS0 4 .5H 2 0), 4 of hydrated 
lime (70 percent GaO), and 2 of bentonite to 50 gallons of water. 
The bentonite was added to improve adhesiveness and was used in 
other tests being compared with these. For comparison, in order to 
evaluate the fungicidal effect of the lime, residues from similar sprays 
where zinc replaced copper were used. The zinc compounds seemed 
to be without permanent effect upon the germination of the spores, 
and the alkalinity of the lime would be neutralized in about the same 
way as in bordeaux mixture. While it may be argued that a calculated 
quantity of sulphuric acid would be a more defensible check than zinc 
sulphate, the results seemed to prove the zinc-lime spray satisfactory. 
Its use was convenient because it gave residues that were toxic only 
for a day or so and apparently indifferent afterward. This no doubt 
was due to the loss in the initial alkalinity of the fresh precipitate. 

After being dried, the slips were either stored in the laboratory in a 
microscope-slide box modified to contain them or hung up among the 
loaves in the orchard in a special holder designed for this purpose 
(fig. 1). This holder was made by fastening a piece of wood to one 



Fim rl 1 —Holder for exiwsmg sprayed slips in orchards. 


side of a clamp clothespin to protect the cover slip from breakage by 
wind. The jaws were surfaced with cork. Unless a means can be 
found to make a satisfactory germination test upon a leaf, this seems 
to represent the nearest possible approach to exposing residues to the 
environmental influences that affect residues upon the plant. Un- 
sprayod slips were sometimes hung in the orchard and were sprayed 
when the tree was sprayed. Work reported in this paper suggests 
that studies of this kind offer information not to be had by aging the 
residues in any other known way. 

Initial germination was found to be somewhat more vigorous and 
constant when nutrient materials were added to distilled water, and 
such a medium appeared to be more suitable than distilled water alone. 
Humping of the conidia, or the tendency of some of the cells to resist 
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wetting and, therefore, submersion, frequently occurred in most of the 
dilute nutrient media used. This is a distinct disadvantage, since 
some of the cells do not have an opportunity to absorb the nutrient 
media and germination may be delayed. To obviate this, recourse was 
had to a material in no way injurious in itself, namely, coenzyme R, 
which has the property of wetting each spore so that the cells have 
the same electrical charge. Germination was found not to be par¬ 
ticularly hastened by this method, but it was noted that a greater 
number of conidia began their activity at one time. This, no doubt, 
is a consequence of each cell having the same opportunity of absorbing 
nutrients. The original paper on coenzyme R, by Allison, Hoover, 
and Burk (7), described it as a respiratory coenzyme. The present 
work indicates that it also produces a change in the surface tension of 
the cell walls of the organisms, allowing this surface to become wet 
with the suspensoid containing the nutrient materials. In this man¬ 
ner the uncertain effects of clumping have been eliminated, and it is 
felt that the work is more standardized because of it. When the 
spore suspension was applied to a surface of spray residue, the liquid 
always showed a strong tendency to spread out among the particles 
of the spray residue. This, no doubt, was caused by the ability of the 
suspensoid to wet the particles of spray residue thoroughly. When 
such a film was placed in the saturated atmosphere of a Van Tieghem 
cell it remained so thin that germination was interfered with, ap¬ 
parently because of a lack of “free” water. Accordingly, the residue 
outside of a circle 6 or 7 mm in diameter was scraped away from the 
cover slip; with this precaution satisfactory germination tests were 
obtained. 

After a small drop of the suspension delivered by a microloop had 
been transferred to the prepared cover slip containing the residues, 
the cover slip was inverted over a Van Tieghem cell and incubated at 
room temperature for a period of time varying according to the object 
of the test. 

After every germination test some of the conidia were transferred 
from the cover slip to an agar slant to find out whether they had been 
killed or whether their germination had been merely inhibited. Mc- 
Callan (7.9) and McCallan and Wilcoxon (20) do not mention this 
step, but it is important for the true evaluation of a fungicide. It is 
known that toxic materials in less than lethal doses or minor defi¬ 
ciencies in the environment may prevent spores from germinating. 
But failure of germination alone, without plasmolysis, is not a con¬ 
clusive proof of death, for if the spore is removed from the unfavorable 1 
environment and the toxic material absorbed is given an opportunity 
to diffuse into a medium containing practically none of it, germination 
may take place. The implications of such a result in the field use of 
sprays is obvious. Residues from which spores germinated after such 
a transfer have been designated “inhibitory.” 

It was inevitable that the investigator should form an impression of 
the quantity and tenacity of the residue while scraping off the un¬ 
wanted portion. This is presented with the data on germination. 
“Excellent” was used to describe a residue that seemed as heavy as 
when freshly prepared. Other terms were used with their usual 
connotations, “fair” meaning a barely continuous film over the glass 
and “poor” a residue with obvious defects. 
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A colorimetric method was employed to detect soluble copper on 
the bordeaux mixture residues and in the solution drops on the resi¬ 
dues. During the last 10 years a number of sensitive reagents for 
copper have been developed (8, .9, 12, Id). The one used in this work 
is the sodium salt of nitroso-1, 8-dihydroxynaphthalene-3, 6-disul- 
phonic acid, discovered by Bienner ((>), and adapted for the micro- 
determination of copper by Oherbuiiez and Ansbacher (9). The con¬ 
centrated stock solution of this compound, called “the chromotropic 
reagent” by Ansbacher, Remington, and Culp (2), diluted with an 
equal volume of distilled w ater, is to be understood in this work where 
treatment with chromotropic solution is mentioned. Other chemicals 
scarcely affect the formation of the diagnostic colored compound 
formed on the addition of this solution to substances containing 
soluble copper, and the simplicity of the operations required com¬ 
mended it for the present purpose. The color is an intense purple, 
and because it is different from other colors generally encountered in 
plant cells, it is useful for the microscopic recognition of copper 
inside cells. 

Direct application of a drop of chromotropic solution to a fresh, 
highly toxic copper-bearing residue invariably gives the characteristic* 
purple color which is indicative of the soluble copper inherent in the 
residue (ienerally a much deeper color is obtained if the residue is 
first treated with the fumes of nitric acid, then wet with a drop of 
1-percent ammonium hydroxide and allowed to dry. There is 
reason to believe that this treatment disengages the copper from cer¬ 
tain complexes and insoluble compounds in the residue which do not 
give the test before such treatment. This procedure is accordingly 
considered to yield a purple “spot”, the intensity of which is roughly 
proportional to the total amount of copper present. 

As has been mentioned, each 24- by 50-mm cover slip was broken 
into two pieces and duplicate germination tests were run. From one 
of these a transfer was made to an agar slant to see whether viable 
spores still remained The other half was allowed to dry and was 
then treated with nitric acid, ammonia, and chromotropic solution, as 
described above, and the intensity of the resulting purple spot was 
recorded. Values assigned to these intensities were as follows: 4, 
Indistinguishable from a freshly prepared slip; 3, noticeably weaker 
than 4; 2, having a color roughly half as deep as that of 4; and 1, 
very faint. 

CHANGES IN TOXICITY, APPEARANCE, AND TOTAL COPPER OF 
BORDEAUX MIXTURE RESIDUES AFTER WEATHERING 

Table 1 presents one of a series of tests conducted with the methods 
just described. The cover slips were sprayed on August 7, 1933. 
Some were hung up in the fruit-disease orchard at Arlington farm, 
Rosslyn, Ya., and removed for tests after the indicated intervals. 
Others were stored in a closed box in the laboratory until August 18, 
when they were placed in holders in the same trees. They were also 
tested after intervals of exposure. The total number of days of 
orchard or laboratory exposure and the total rainfall for each slip 
were recorded. The differences in effect of age without rainfall and 
of age combined with rainfall are shown. 



Apr. i, 1936 Availability of Copper of Bordeaux Mixture Residues 523 


Table 1.— Changes m toxicity, appearance, and total copper of Bordeaux mixture 

residues after weathering 


Period of ex- 
I>osure 

Rainfall 

Incu¬ 

bation 

period 

Germination 

Growth after 

Api>earance of real- 

Amount 
of oopjHjr 
present 3 

In lab¬ 
oratory 

In or¬ 
chard 

transfer i 

due 

Day* 

0 

Days 

3 

Jnchis 

( J ) 

Hour* 

20 

None 

None 

Excellent 

4 

0 

5 

1 IS 

24 

Few buds * 

None 

do 

4 

0 

7 

1 IS 

24 

None 

Yes 

do 

4 

() 

11 

1 97 

20 

Few buds 

Yes 

do 

4 

0 

17 

4 48 

23 

None 

Yes 

Very good 

2 

0 

37 

10 72 

48 

None 

Yes 

do 

2 

11 

(»> 

( 3 ) 

20 

None 

None 

Excellent 

4 

35 

7 

98 

24 

None 

Yes 

do 

3 

35 

11 

1 17 

24 

None 

Yes 

do 

4 

35 

1H 

1 17 

20 

Few buds 

Yes 

do 

3 

35 

21 

1 41 

48 

do 

Yes 

Good 

3 


1 Due to activity of comdia inhibited, and not killed, by the treatment 

i 1 otal amount of copper determined by exposing the remaining residue to nitric acid fumes, neutralizing 
with ammonium hydroxide, and adding chromotropic solution to the remaining liquid The figure 4 
represents the deei»est color obtainod with this method 
3 None 

* The word ‘‘bud" indicates the primordial germ tube or the beginning of germination 


It is seen that field exposure and rainfall gradually lessened the 
toxicity of the spray deposits, as is usual with bordeaux mixture 
residues. The toxicity diminished to the point where germination 
was checked but the conidia were not all killed, as evidenced by the 
fact that germination was resumed when the environment became 
favorable. That age alone did not lessen toxb ity is proved by the 
tests with the slips stored in the laboratory. From these results it 
may be inferred that the copper compounds that imparted the 
original toxicity have been diluted or washed off, leaving others that 
could not be dissolved sufficiently to kill all the conidia. It must be 
emphasized that at no time during the periods of weathering were the 
copper residues sufficiently free of available copper to allow free 
gemination of the conidia. There was always sufficient available 
coppei present to cause inhibition, at least; an<5 that a portion of the 
original residue remained at the end of the weathering period was 
plain to the eye. 

It must be added that with the residues recorded as only inliibitory 
in table 1 many of the conidia were actually killed. Some of the 
conidia showed plasmolysis of the cell contents exactly as did those 
killed by relatively fresh residues. From this fact one would con¬ 
clude that the supply of available copper had not been evenly dis¬ 
tributed among the conidia. 

From these experiments the impressioh was gained that some of the 
copper was present in such a form as not to be available to tiie organ- 
isnis and that the conidia, have not the power to dissolve copper in 
this form. Tliis was particularly evident in those experiments where 
the residues became scanty although the total copper present, if 
brought into solution by conidial secretions, should have been suffi¬ 
cient to be toxic to all the seeded conidia. 

The data presented in table 1 do not indicate the mechanism by 
which the injured conidia absorbed the copper. It is shown that, 
irrespective of the mechanism, a point is reached in the course of 
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prolonged weathering of the residue where, although copper is still 
present, its toxicity is low compared with that in an equal quantity 
of unweathered residue. 

Only lines 1 and 7 of table 1 relate to residues not exposed to rain¬ 
fall, and hence only these are comparable with the results of Barker 
and Gimingham (4) and of McCallan (19). Their work consistently 
shows that fresh residues are directly toxic to spores, but they con¬ 
sidered that this was due to copper brought into solution by some 
solvent secreted by the spores themselves. The technique used by 
the writers could scarcely have prevented the conidia from exerting 
the same dissolving action, but the results of the experiments show 
that on the excessively weathered residues it must have been without 
eireet. 

ABSORPTION OF AVAILABLE COPPER FROM SPRAY RESIDUES BY 
CONIDIA OF SCLEROTINIA FRUCTICOLA 

Experience in the application of the chromotropic solution to 
spray residues suggested its use to demonstrate the presence of copper 
inside conidia that had been exposed to copper ions. Trials demon¬ 
strated that the chromotropic solution diffused easily into conimh, 
showing its original > allow color when no copper was present and 
imnarting a uniform purple color to the interior of those sliowm by 
collateral tests to ha\e been affected by copper. So far efforts to 
demonstrate localized depo&its of copper in the affected cells ha\e 
failed. 

The experiments were set up in exactly the same manner as de¬ 
scribed in the foregoing section, and the conidia were allowed to 
germinate over a 24-hour period. At the end of the incubation 
period a microloop of the elironiotropic solution was added to the 
eonidial suspension in contact with the bordeaux residues. The 
treatment caused a deep purple color to appear upon the surface of 
the spray particles ami in the solution surrounding the particles. 
When conidia killed by the copper in the residues w^ere washed free 
of the treated residue and residue solution, microscopic examination 
showed the protoplasm stained a deep purple. When residues have 
been reduced in toxicity from long exposure and much washing by 
rain the conidia take the stain in \arying degrees. Those that have 
become plasmolyzed become deeply stained, whereas those that have 
not become plasmolyzed, but the germination of which has been 
inhibited, appear unstained. Tests performed with residues known 
to contain no copper did not show T the color wiien treated with 
chromo tropic solution, whether or not the conidia had been killed. 

The development and fixation of the purple color demonstrates the 
actual intake of copper by living cells. It is interesting that the 
copper fixed w T ithin the cells appeared to have the same power to 
react with the chromotropic solution as that in the solution surround¬ 
ing the cells. From this it would seem that the copper may be fixed 
rather loosely in the plasma of the cell. On the other hand, conidia 
which have absorbed the copper during their growth activities have 
been subjected to lengthy periods of washing without lessening the 
density of the color inside the cells. Conidia as w r ell as mycelium 
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killed prior to their contact with soluble copper readily absorb this 
material; but the copper is removed by washing. The copper is 
firmly fixed, once it is absorbed by living cells. 

The data presented in table 2 are from one of a series of tests made 
as described. Data on exposure, rainfall, and conidial germination 
were obtained as for table 1. At the end of the incubation period 
conidia were transferred from each of the treated cover slips to potato 
agar. Chromotropic solution was then added to each slip and obser- 
\ ations were made of the presence of copper within the cells, in the 
suspension liquid, and on the particles of the spray residue. 

As indicated in table 2, scattered development of very short germ 
tubes, or buds, 4 was noticed tow ard the end of the tests w r ith bordeaux 
mixture, but the conidia are shown to have been killed notwith¬ 
standing. The cell contents of all gave positive reactions for copper. 
These residues also gave indications of considerable copper by the 
nitric acid test. The parallel tests of zinc-lime were included to show 
the absence of effect of the excess lime as mentioned on page f>21. 
Zinc-liine is toxic to these conidia for a day or so, and it is behoved that 
the end of this period of toxicity indicates the change of alkalinity due 
to the change of lime in the residue to calcium carbonate. With 
zinc-lime residues no indications of the presence of copper were 
obtained in the conidia, in the solution, or on the spray particles. 

Table 2 —Presence of copper inside th< conidia of Sclerotmia fryeticola and its 
effect on their subsequent growth after a 24 -hour incubation period 


Residue 


Zinc-litne 4-4 50 


Bordeaux 2-4-50 


Davs 

Rainfall 

Germi- 

feubseoutnt growth on 

ered 

(total) 

nation 

potato agar 


Inches 

Percent 


1 

0 00 

0 

Excellent 

5 

02 

85 

do 

8 

02 

07 

do . 

12 

17 

15 

do . 

15 

57 

98 

do 

21 

1 its 

96 

do 

1 

00 

0 

None 

5 

02 

0 

do 

8 

.02 

(’) 

, do 

12 

17 

( 2 ) 

do 

15 

67 

( 2 ) 

do. . 

21 

1 1C 

(’) 

— ..do. 


Fixation of 
copper in 
cell con¬ 
tents i 


None 

Do. 

Do. 

Do 

Do 

Do 

Marked 

Do 

Do 


Do. 

Do 

Do 


1 Based on depth of purple color in test spore* following treatment with chromotropic solution 
* Few buds (primordial germ tubes) 


The data in table 2 demonstrate the ability of the bordeaux residues 
to resist weathering and to furnish a continual supply of available 
copper. Not a great deal of precipitation occurred during the long 
period of exposure, and although at times slight evidence of germina¬ 
tion was noted, the amount of available copper in the precipitates was 
not greatly diminished at any time during the test; this probably 
account® for the greater toxicity of these residues as compared wdth 
those cited in table 1. 

4 The term “bud” refers to the primordial germ tube, or beginning of the germ tube. 

00150—36-4 
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EFFECT OF CELL ACTIVITY 

In the work presented in table 1 it wa?. noticed that after the residues 
had been subjected to a certain amount of weathering the conidia of 
a test suspension were not all affected alike. The escape of a few 
when nearly all were killed and the killing of a few when nearly all 
escaped suggested that some conidiu had taken up copper more readily 
than others, and the color produced in them by the chromotropic 
solution confirmed this. To find the cause of this variation the work 
presented in table 3 was undertaken. 

T\ithE 3 Kffect of cell activity on the absorption of copper by the conidia of 

Sclerotima frucitcola 


1 lieu ha 

(lernuim* 
turn of 
< hecks 


Germina¬ 

Treated 

turn 

period 

Subsequent growth of checks 

tion of 
treated 

cells ah* 
sorbing 

(hoars) 


conidia 

copper 1 




Ptrcenf 

Percent 

a n 

0 

E\( client 


■ 

1 e 

7 


0 

IS 

2 a 

25 


0 

41 

t a 

41 


0 

65 

4 r . 

74 


0 

72 

2. J r » 

SO 


0 

80 


Subsequent 
growth of 
treated 
conidia 


Excellent 

HR 

None 

Do 


1 Bast'd ii|Nin the development of n purple tolor inside the test spores following treatment with ehrotno- 
froptt solution 


Two parallel series of germination tests wore made. The cover slips 
in one series were without spray residue and were held as checks, 
whereas those in the other series were sprayed with bordeaux mixture 
and dried. All were started together, and at definite intervals one 
cover slip of each series was examined for germination. After the per¬ 
centage of germinated conidia had been recorded, some of the conidia 
were transferred from the check and the treated cover slips to potato 
agar. The remainder of the conidia in contact with the spray residue 
were treated with chromotropie solution and examined under the 
microscope for cMdence of copper absorption (table 3). 

It was observed that conidia taken from the sprayed slips near the 
end of the test did not show any subsequent growth, whereas those 
transferred earlier did. From the data on germination of the check 
conidia (column 2 of table 3) it is apparent that the number of conidia 
that germinated m the early part of the test corresponded roughly with 
the number of spores that absorbed copper (column 5). It appears 
from this that those conidia that did not become active had not 
absorbed copper, since the chromotropic solution did not stain their 
protoplasm, but they w’ere capable of germination and growth when 
transferred to a suitable medium. 

To obtain further information on the relation of absorption to 
toxicity and to be sure that lack of absorption was not caused by a 
lack of soluble copper in contact with the conidia, the following experi¬ 
ments were conducted. Conidia from a string bean culture 8 days 
old were suspended in undiluted prune juice. This suspension was 
placed in the bottom of a beaker as a thin film so that germination or 
activity could proceed with an abundant supply of oxygen at room 
temperature. 



Apr 1 , i m Availability oj Copper oj Bordeaux Mixture Residues 527 


At intervals drops of this suspension, which was of such density 
that about 50 conidia occupied a low-power objective field, were trans¬ 
ferred to glass slides and an equal amount of a 2-percent copper sul¬ 
phate solution was added. Thus the final concentration of copper 
sulphate was 1 percent. After an absorption period of 30 minutes the 
conidia were washed free of the copper salt and nutrient medium and 
then treated with the chromotropic solution. Records were then 
made of the conidia colored by the ehromotropic solution and of germi¬ 
nation or lack of germination, and finally some of the treated cells were 
transferred to potato agar. The results, as indicated in table 4, 
clearly show that although sufficient copper ions were present to cause 
toxicity to all the conidia, nevertheless in the early stages of germina¬ 
tion many of the conidia did not absorb the copper ions. Absorption 
was correlated with germination activity, *08 is seen by comparing the 
percentage of conidia showing the color reaction and the percentage of 
germination m the check at the end of the same incubation periods. 
The observations clearly demonstrate that only those cells that become 
\ cry active absorb the soluble copper. This w as again apparent when 
some of the cells that had pushed out their primordial germ tubes and 
others that were obviously just beginning this process became deeply 
stained, while all the others, still dormant, remained unstained. As 
soon as all the conidia had become colored no subsequent growth 
appeared in any of the transfers to nutrient potato agar. One cannot 
escape the conclusion that the coloration is an indication of the 
absorption of a lethal dose of copper. 


Table 4 -Absorption of copper urns, from a 1-pirant solution of copper sulphate , 
by the conuha of Sclerotmia frvcticolu 


'1 ini© of test * 

Conidi i 

("heck 

conidia 

gerimnat 

ing 

Treated 
tonidia 
colored 2 

Subsequem growi n oi 
treatr 1 .’■ * 

Subsequent 
grow tn of 

1 check 
conidia 

794 






‘-ept 28 

V u rnber 

Numlwr 

Numb(r 



1 U Ill 

«n 

0 

0 

Excellent . 

Excellent 

12 in 

76 

12 

18 

do_ 

Do 

1 p m 

51 

35 

41 

do 

Do 

2pm 

62 

62 

62 

None.... 

J)o 

A p ra 

71 

71 

73 

do 

Do 

4pm 

70 

68 

70 

do 

Do 

kept 29 






9 20 u in. 

62 

0 

0 

Excellent . 

Do. 

9 JO a m. 

56 

0 

10 

do. .. 

Do. 

9 50 a m_ 

62 

i 0 

14 

do . 

Do 

10 a m 

75 

6 

21 

do. . 

Do. 

10 20 a m 

69 

18 

il 

. do.. 

Do 

10 40 a m 

71 

21 

36 

. do . 

Do 


1 2 separate tests * 

1 Colored by the reaction of copper with chromotropic solution 


It is also apparent from the combined results of these experiments 
that not all the conidia began germination at the same time. In 
residues of bordeaux mixture, where the supply of soluble copper may 
become temporarily depleted, those conidia that start germination 
first may absorb a lethal quantity of the available copper, while those 
that start later may find the supply of this copper lowered to a point 
where only inhibition results. It is even possible that some conidia 
may escape entirely during this temporary depletion. It appears 
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from this that the available copper of bordeaux mixture is not readily 
or quickly replaced. These factors, therefore, may be responsible for 
the inhibitory but nonlethal effects of potentially fungicidal copper 
residues so frequently encountered under field conditions. As long 
as a sufficient residue is present, these periods of depletion of available 
copper must in the main be only transitory, since it has been found 
that a supply of available copper will begin to accumulate as soon as 
those factors causing removal of the available copper have ceased to 
operate. 

BEHAVIOR OP' GERM TUBES IN CONTACT WITH BORDEAUX MIXTURE RESIDUES 

The procedure just described was also applied to conidia that had 
been incubated in a favorable medium until germ tubes had formed. 
In this way it was sought to compare the susceptibility of the germ 
tubes to the action of the spray residues with that of the conidia before 
and during germination, and again to demonstrate the intake of 
copper by means of the chromotropic solution. 

in this part of the study two types of experiments were conducted. 
In both sets the procedure was essentially the same, in that the 
conidia were germinated in dilute prune juice before their transfer to 
the bordeaux mixture residues. 

The residues used in both of these experiments were not weathered 
in the orchard environment, but had been prepared and stored in the 
laboratory fully a month before their use. The excess lime at that 
time had become fully carbonated, as was demonstrated by tests with 
phenolphthalein. Tlio residues used carried a good supply of available 
copper, as indicated by the reaction with chromotropic solution. 

In the first set of experiments the conidia were transferred directly 
without freeing them of any adhering metabolic and nutrient products, 
while in the second set the germinated conidia with their germ tubes 
were washed for 24 hours in tap water to free them from these ma¬ 
terials insofar as practicable before their transfer to the bordeaux 
mixture residues. 

In the first set of experiments, representative germ tubes were 
measured at the time of the transfers and again after certain intervals, 
depending upon the experiment. Some of the treated germinated 
conidia were tested with chromotropic solution and some were trans¬ 
ferred to a suitable culture medium. In this manner observations 
were conducted on absorption of copper by the germ tubes and its 
effect on their subsequent grow th. The results of such an experiment 
are presented in table 5. 

The measurements recorded show that wdiile the transfer had little 
effect upon the growth of the control germ tubes, the grow r th of the 
others w T as stopped almost instantly when they cume in contact with 
the bordeaux mixture residues. Their failure to grow when trans¬ 
ferred to a suitable medium indicated that the copper absorbed was 
lethal. 

The conidia and germ tubes that had been in contact with the 
residues showed a slight plasmolysis of the protoplasm and became 
colored a deep purple upon treatment wdtli chromotropic solution. 
The distribution of the copper, as indicated by the purple color, was 
found to be uniform throughout the entire protoplasmic system. The 
cell walls appeared not to absorb or fix the copper. 
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Table 5.— Effect of absorption of copper by the germ tubes of conidia of Sclerotinia 
fructicola on the length growth of the tubes and on subsequent activity 



Check germ tubes 


Treated germ tubes 


ne of measurement 1 

Length 

growth 

Subse¬ 

quent 

growth 

Length 

growth 

Absorption of copper 2 

Subse¬ 
quent 
growth« 

- 

11 a. m 

A* 

129 

Excellent. 

A* 

108 

Some faintly colored.. .. 

Excellent. 

1 p. m. 

138 

...do. 

93 

Some well colored but most 
faintly colored. 

None. 

2 p m.. . - 

201 

...do. 

86 

Most well colored; some 
faintly. 

Do. 

. m_. . 

194 

...do.... 

108 

Most well colored. 

Do. 

l. m. (following day)... 

720 

...do... 

108 

All well colored.. 

Do. 


» Germinated conidia were transferred at 10 a. m 

a Based upon the depth of the purple color following treatment with chromotropic solution. 

3 Subsequent growth determined by transferring some of the check and some of the treated conidia, with 
their germ tubes, to potato hard agar slants. 

In the second set of experiments the germinated conidia, with their 
attached germ tubes, as already stated, were washed for 24 hours 
before being transferred to the clean or to the residue-covered slips. 
This procedure was designed to prevent, as far as possible, the staling 
products and nutritional materials from either increasing or lessening 
the quantity of available copper in the bordeaux-mixture residues. 
With such a treatment a small quantity of carbon dioxide might 
accumulate in the vicinity of each eonidium, but it appears hardly 
likely that this amount could have any great influence. 

# The germinated conidia were transferred from the washed suspen¬ 
sion to the clean or to the residue-covered slips. After intervals of 
y 2 hour, 1 hour, 4 hours, and 24 hours, some of the check and some of 
the treated organisms were transferred from the slips to potato hard 
agar to determine the toxic effects of the copper. At the same time 
the remainder were treated with chromotropic solution and examined 
for copper within the cells. 

The results showed that the available copper was absorbed by the 
germ tubes and conidia in lethal quantities during every period of 
contact with the residue. Thus the effect was even more pronounced 
than when the staling and nutritional products were not removed. 
The excellent growth of all the untreated transfers showed that the 
washing treatment was in no way deleterious. 

In the section just preceding it was shown that the absorption of 
copper by conidia took place at so early a stage of activity that no 
evidence of initial germination could be seen under the microscope, 
either in conidia that had already absorbed an injurious quantity of 
copper or in the controls that had been incubated for the same length 
of time. In the work just described it is shown that when conidia 
that are already germinating are placed in contact with a source of 
available copper they too are immediately killed, as is evidenced by 
the instant cessation of tube growth. 

DISCUSSION 

From the work reported in this paper it is evident that the residue 
is altered by exposure to weathering, since it then behaves somewhat 
differently from freshly formed residue. The work presented here 
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aslo slums that when this change lias gone so far that sufficient 
quantities of available copper are not present the application of 
additional sprays to maintain continuous protection is required. The 
changed behavior indicates that some form of copper present in the 
beginning is not present at the end of prolonged weathering and that 
the forms of copper that remain are not able to maintain the original 
high concentration in the solution in contact with them. 

The proportion of highly soluble copper in the fresh deposit and the 
rapidity with which it can be exhausted by washing remain to be de¬ 
termined. From tliis work it appears that the amount is not large 
and that the appearance of the residue does not give warning of its 
depletion. As weathering progresses, an increasing proportion of the 
conidia seeded upon the residue retain their viability, although ger¬ 
mination is prevented. 

It must he emphasized, therefore, that the bordeau mixture residues 
which are commonly applied to plants and which have been found to 
be injurious to many of them, according to the environmental condi¬ 
tions encountered, are toxic to many of the fungus spores which come 
in contact with them from the moment they are applied. These 
experiments have clearly shown the reasons for this, and it appears 
certain that the vagrant fungus conidia that fall on these residues 
come in contact with sufficient available copper to cause toxicity, 
provided the residues are not unduly washed or depleted. 

Other evidence in regard to the availability or nonavailability of 
the copper of spray residues is found in the results of tests with the 
chromotropic solution The direct application of this reagent gives a 
color the depth of which is roughly proportional to the toxicity as 
determined in the usual way. 

The adherence of most of the residue is shown to be quite satis¬ 
factory. Although after f> days the seeded spores showed themselves 
able to germinate after transfer (table 1), the residues continued to 
prevent germination during 37 days in spite of the number of heavy 
rains In table 2, on the other hand, no growth was recorded after 
transfer on bordeaux mixture residues weathered for 21 days. This 
is attributed to the fact that decidedly less rain fell during the course 
of tliis experiment, and very little during the first 12 days (table 2). 
It also suggests that the foliage injury which often follows long periods 
of fog, heavy dew, or showers may be caused by the maintenance of a 
copper solution upon the leaves. 

It has been observed repeatedly that the absorption of copper 
takes place only in cells that become active and not m those that are 
dormant or inactive. This has been v ery well shown in the experi¬ 
ments. The results obtained w ith cells washed relatively free of their 
metabolic products clearly demonstrate that such cells are capable of 
absorbing directly from bordeaux mixture residues a form of copper 
causing a lethal effect. These copper materials, when in rather low 
concentrations, were found to be only inhibitory in effect. 

The mechanism of the lethal effect has not been clearly worked out. 
It is certain that the copper becomes dispersed throughout the 
protoplasmic mass, for the color produced when the loosely combined 
soluble copper reacts with the chromotropic molecule is evenly dis¬ 
tributed. These experiments show r that inactivation follows the 
absorption of the copper and that the activity of the cell menstruum 
is responsible for the intake of the copper ions, ft has also been 
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observed that the reaction of the copper ions with the cell menstruum 
is a permanent one, for after the death of the cells no amount of wash¬ 
ing frees the injured cells of the copper that has been absorbed. 
Nevertheless the copper is not so firinly bound in its combination 
with the elements of the cytoplasm as to prevent its usual response 
to treatment with the chromotropic solution. 

It has been the constant experience of the writers that at times the 
amount of copper in solution is only of such magnitude as to cause 
inhibition. The study of inhibition is an interesting one, since it 
must take into consideration an entirely different set of conditions 
from those that obtain with the active cell. It is difficult to under¬ 
stand the phenomenon of inhibition when the theory of toxicity is 
applied to it, except as something different in kind as well as in degree 
from toxicity. 

While these studies offer a satisfactory explanation of the effect 
of the available copper of bordeaux mixture residues on sensitive 
organisms, they do not attempt to define those systems concerned 
with organisms apparently resistant to copper. Such systems require 
special study. 

SUMMARY AND CONCLUSIONS 

A study is presented in this paper of the effect on the conidia of 
Sclerotinia fructicola (Wint.) Relim of the available copper inherent 
in the residues of bordeaux mixture that have been exposed to weather¬ 
ing and aging. 

This study also includes the effect on germinated conidia of Sclero¬ 
tinia fructicola of the available copper inherent in the residues of bor¬ 
deaux mixture that have been aged in the laboratory. 

A new procedure, namely, exposure of the residues to the environ¬ 
ment of the host plants, has been added to the usual methods of 
estimating the effect of fungicides. This method furnishes a means 
of weathering residues of fungicides under the same environmental 
conditions as those which affect the spray residues on the host plants. 

As a further precaution in the proper evaluation of the effects of 
fungicides on fungus spores, some of the test spores were transferred 
to a suitable nutrient medium in order to determine whether the effect 
of the test materials was toxic or merely inhibitory. 

It lias been determined, confirming the work of others, that the 
soluble copper inherent in the precipitates of the residues of bordeaux 
mixture is in the proportion of at least four parts per million by volume 
of the original mixture. 

The soluble copper in residues, in solution, and in the protoplasm 
of affected conidia has been detected by the use of a very sensitive 
reagent, namely, the sodium salt of nitrbso-ehromotropic acid, which 
is known as the “chromotropic solution .’ 1 

It has been demonstrated that the copper of the residues of bordeaux 
mixture is absorbed by the conidia of Sclerotinia fructicola, causing 
death or inhibition according to the amount of copper available. 

The absorption of the copper by the conidia from the residues of 
bordeaux mixture is correlated with the initiation of activity, and cells 
that remain dormant or are delayed in their activity do not absorb 
copper. 

Conidia of Sclerotinia fructicola have been found to be inhibited in 
their growth when the supply of copper has not been quite sufficient 
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to cause toxicity. These inhibited conidia readily become active when 
transferred to a suitable culture medium. 

It is indicated that where the quantity of soluble copper in a de¬ 
pleted residue is small, it may be exhausted by absorption into the 
conidia that begin their activity first, and that conidia that become 
active later escape the injurious effect. 

When actively growing conidia were transferred to an aged bordeaux 
mixture residue, but one in which the inherent soluble copper had not 
been depleted, both the conidial and attached germ-tube cells absorbed 
the copper with lethal effects. 

The absorption of the lethal dose of soluble copper from aged resi¬ 
dues by the germ tubes of the conidia of Sclerotinia jructicola was 
found to cause an immediate cessation of germ-tube elongation. 

The soluble copper that is absorbed by the conidia and germ tubes 
has been found to be distributed evenly throughout the protoplasmic 
mass, which stains purple when treated with cliromotropic solution. 

The color that is lormed by the combination of chromotropic solu¬ 
tion with the copper absorbed in the cells has been found to be similar 
to that which simple copper ions form with chromotropic solution in 
vitro. 

It is concluded that in freshly deposited bordeaux mixture residues 
there is present a component bearing available copper which is ex¬ 
hausted by washing with rains but not by aging. After it is lost, 
conidia that come to rest in contact with the residue are inhibited 
in germination but are not killed, and can germinate freely when 
removed from this contact. While it is still present, conidia take up 
copper before any visible evidence of vital activity is observed. From 
this it appears that the conidial cells are not capable of secreting a 
substance which will dissolve the inert copper of these washed 
residues. 
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INHERITANCE OF CHLAMYDOSPORE CHARACTERISTICS 
IN OAT SMUT FUNGI 1 

By C. S. Holton 2 

Agent , Division of Cereal Crops and Diseases , Bureau of Plant Industry , United 
Stales Department of Agriculture 

INTRODUCTION 

The nature of inheritance in the smut fungi lias been the subject of 
rather extensive investigations in recent years. Primary emphasis in 
these investigations has been placed on a study of the segregation of 
factors for sex and cultural characters, whereas little has been done 
towards determining the nature of inheritance of chlamydospore 
characteristics. In previous reports 1 Hie writer has presented 
preliminary evidence to show that certain chlamydospore characteris¬ 
tics in the oat smut fungi are inherited according to the Mendelian 
law T of segregation and recombination. Results are now available 
from more extensive investigations and are here reported. 

MATERIAL AND METHODS 

Loose smut of oats, Ustilago arenae (Pers.) Jens., covered smut of 
oats, U. leris (Kell, and Sw.j Magn., and the “buff smut” fungus 4 
were used in these studies. They hybridize readily, and their 
respective chlamydospore characteristics are morphologically dis¬ 
tinct. r. arenae has echinulate brown chlamydospores; l \ levin has 
smooth brown chlamydospores; and the buff smut fungus has smooth 
hyaline chlamydospores. In hybrids between these species, there¬ 
fore, it is possible to study the nature of segregation and recombina¬ 
tion of factors for chlamydospore markings and color both in single 
and in double factor pairs. 

Hybrid material was obtained by inoculating 2f> oat seedlings 
(Arena satira L.) w T ith crosses betw T een monosporidial lines of UstHayo 
leris and the bull* smut fungus, between l 1 , leris and l\ arenae, and 
between l\ avenae and the buff smut fungus. The ratios in the F> 
segregations were determined on the basis of types of individuals 
(chlamydospores) produced by inoculating with F t chlamydospores 
or with crosses between Fi monosporidial lines. The observed 
distribution of the F 2 populations of all hybrids was compared with the 
expected distribution and tested by Fisher’s formula for testing 

goodness of fit, X 2 ==S^^. 6 


1 Received for publication Oct 7,103 r >, issued April 1930 Cooperative Investigations by the Division of 

Cereal Crons and Diseases, Bureau of Plant Industry, I h Department of Agriculture,“and the Washing¬ 
ton Agricultural Experiment Station * 

2 The writer is indebted to Dr E F Gaines, cerealwl, and A M Schlehuber, of the Washington Agricul¬ 
tural Experiment Station, for assistance in analyzing the data, and to Dr F I) Hoald, head of the Division 
of Plant Pathology, and Dr H F (Moments, associate professor of botany, W ashington Agricultural Experi¬ 
ment Station, for critical reading of the manuscript 

3 Holton, C S studies in the genetics and the cytology of ustii aoo avrnaf and ustii ago i evis 
Miun Agr Expt Sta Tech Bull 87,34 pp , lllus 1932 

——- inheritance of chlamydospore characteristics in oat-smut fungi (Abstract) Phvto- 
path. logy 23 16 1933 

♦Holton, C 8 hybridization and segregation in the oat smuts Phytopathology 2! 815-842, 
dims 1931 

* Fisher, R A statisticai methods for research workers Ed 2, rev and enl, 269 pp , lllus 
Edinburgh and London 1928 See p 7ft 
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EXPERIMENTAL DATA 

USTILAGO LEVIS X EUFF SMUT 

In hybrids between Ustilago levis (chlamydospores brown) and the 
buff smut fungus (chlamydospores hyaline) the Fj chlamydospores 
were brown, indicating dominance of the factor for brown. In these 
hybrids approximately 50 percent of the Fi sporidia were viable. 
Two or more monosporidial lines were obtained from each of 8 Fi 
chlamydospores, giving a total of 22, and these Fi monosporidial lines 
were crossed in all sexually compatible combinations to obtain the 
F 2 generation. 

As indicated in table 1, the F 2 population was distributed into two 
classes. In four of the clilamydospores (45, 47, 49, and 57) segrega¬ 
tion for sex occurred in the first division while in the other four (50, 
53, 54, and 55) segregation for sex occurred in the second division of 
the diploid nucleus. In all the h\ chlamydospores, except 49 and 54, 
segregation for color occurred in the second division of the diploid 
nucleus, in chlamydospores 45, 47, 54, and 57 segregation for sex 
and color occurred in separate nuclear divisions, while in chlamydo¬ 
spores 50, 53, and 55 segregation for sex and color occurred ^ the 
same (second) division of the diploid nucleus. It is therefore evident 
(table 1) that the F 2 population of these seven chlamydospores was 
distributed into two classes in a 3:1 ratio. In chlamydospore 49, 
however, segregation for sex and color occurred in the first division 
of the diploid nucleus, and consequently the F 2 population of this 
spore was brown. Nevertheless, segregation for color and sex oc¬ 
curred in the F 2 of this spore in such a way as to produce brown and 
hyaline spores in the F 3 . On the basis of these data it is apparent 
that the F 2 distribution of color in Ustilago levis X buff smut hybrids 
is in a simple 3:1 ratio. 


Table 1 .-—Segregation of factors for color 1 and sex in eight chlamydospores of a 
Ustilago levis X buff smut hybrid 


Fj 

Fa 

F, 

F 3 

Chlainydo- 
siK>re no.* 
and genotyjw 

Spo- 

ndi- 

um 

no. 

Sex > 

Gam¬ 

etes 

Geno¬ 

type 

Ratio 

Chlamydo¬ 
spore no.* 
and genotype 

Spo- 

ridi- 

um 

no. 

Sex * 

Gam¬ 

etes 

Geno¬ 

type 

Ratio 


1 

4- 

b 

BB 



1 

-f 

B 

BB 


6 (Bb) - 

2 

+ 

n 

Bb 

1:2:1 

60 (Bb) . 

2 

3 


b 

Bb 

Bb 

1:2:1 








+ 
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4 

- 

B 

bb 



4 


B 

bb 



1 

+ 

b 

BB 



1 

+ 

b 

BB 


47 (Bb). 

2 

f 

B 

B 

Bb 

Bb 

1:2.1 

63 (Bb) . 

2 


B 

Bb 

Bb 

1:2:1 
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b 


4 

— 

b 

bb 



4 

+ 

B 

bb 



1 

+ 

b 

Bb 



1 

+ 

B 

BB 


49 (Bb). . . 

2 

a 

+ 

b 

B 

Bb 

Bb 

• 4:0 

54 (Bb) . 

2 

3 

■f 

B 

b 

Bb 

Bb 

1:2:1 


4 

— 

B 

Bb 



4 


b 

bb 


( 

1 

+ 

b 

BB 



1 

*+* 

b 

BB 


67 (Bb). . j 

2 

a 

+ 

B 

b 

Bb 

Bb 

1:2:1 

55 (Bb) _ 

2 

3 


B 

b 

Bb 

Bb 

1:2:1 


4 


B 

bb 



4 

+ 

B 

bb 



1 The factor for brown, carried by U. Uvii, is represented by B, and the factor for hyalineness, carried by 
the buff smut, is represented by 6. 

> Numbers assigned to the chlamydospores from which single sporidia were isolated. 

* Plus (+) and minus (—) signs indicate sporidia of opposite sex. 
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The advantage of using crosses between Fi monosporidial lines for 
determining the class distribution of the F 2 population is obvious. 
This advantage is lost, however, unless two or more F t sporidia can 
be obtained from each promycelium. This was possible only in the 
Ustilago levis X buff smut hybrids. It therefore became necessary 
to use Fi chlamydospores of other hybrids for inoculum in order to 
obtain an F 2 population To test the dependability of this method 
of determining the F ? distribution, an F 2 population of the U. 
levis X buff smut hybrid, the F 2 distribution of which had previously 
been determined by inoculating with crosses between F t mono¬ 
sporidial lines, was obtained by inoculating with Fi chlamydospores 
By using each smutted panicle as an individual 9 the class distribu¬ 
tion was determined. The F 2 population of 1,078 individuals (smut¬ 
ted panicles) was distributed into two classes, as shown in table 2. 


T\ble 2 —Signgahon for color m the F 2 of thi hybrid Ustilago Uvis X buff smut 


Color 


Brov n (chlamydospores brown) 
Buff (chlamydospores hyaline) 

Total 


Pa individuals 

Expet ted 

Number 
800 
m 

1,078 


Observed 


Number 

820 

252 

1,078 


These data are in close agreement with the expected 3:1 ratio 
(P=0.24) and serve to indicate the dependability of this method for 
determining the nature oi segregation and recombination of factors 
for chlamydospore characteristics in oat smut hybrids. 

TTSTILAOO AVENAE X U. LEVIS 

In hybrids between Ustilago avenae (chlamydospores echinulate) 
and lL /cm* (chlamydospores smooth) the Fj chlamydospores 
were echinulate, indicating dominance of the factor for echinulate 
spoie walls over the factor for smooth spore walls. The F 2 popula¬ 
tion was obtained by inoculating with Fi chlamydospores, and the 
235 individuals (smutted panicles of the F 2 ) were distributed into 
two classes, as shown in table 3. 

Table 3 —Segregation for smoothneot m the F 2 of the hybrid Ustilago avenue X 

V levis 


Character 

4 Fj individuals 

Observed 

Fxpected 

Echinulate 

Smooth.. 

Total 

Number 

185 

50 

235 

Number 

176 

50 

235 


4 The panicle rather than the plant was used as the unit because both types were sometimes found on 
the same plant but in separate panicles 
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These figures are adaptable to a theoretical ratio for the F 2 of a 
cross involving a single-factor difference (P—0.18). Apparently, 
then, the distribution of the F 2 population into echinulate and smooth 
ehlamydosporc classes in 1 1 , a venae X U. levin hybrids is on a simple 
3:1 basis. 

USTILAGO AVENAE X BUFF SMUT 

In hybrids between Pst'dago avenue and the buff smut fungus two 
character pairs are involved, viz, chlamydospore markings and color. 
Taken separately, as in U. a venae X £ r . tevis and U. ten* X buff smut 
hybrids, respectively, these character pairs give a 3:1 ratio. There¬ 
fore, in I \ avenue X buff smut hybrids it might be expected that the 
typical dihybrid ratio 9:3:3:1 would be obtained. This, however, 
is not the case. The F 2 population, which was obtained by inoculating 
with b\ chlnmydospores, was distributed into three of the four expected 
classes, as shown in table 4. 

4 Stgi(gaium foi color and smoothness in the Fj of tht hybrid U,stilugo 
avtnnt * buff smut 



F^ individuals 

Characters 

— 

- 


Observed 

Expected» 


iVumbir 

Nu mber 

Brow n echinulate 

499 

490 

Brown smooth 

175 

104 

11 valine echinulate 

0 

154 

11 valine smooth 

199 

55 

Total brown 

574 

554 

Total h\alme 

199 

219 

r l otai ec humlatc 

499 

554 

'1 otal smooth , 

374 

219 

1 olal individuals 

■ 

H73 

873 


1 On the basis of 1 he .1 classes into which the Fj population was actually distributed, thee\j>e< ted numbers 
ire as follows Hrown echinulate, 490. brown smooth, 154, hyaline smooth, 219 

If the double recessive class, hyaline smooth, had appeared in the 
expected proportion it might have been logical to attribute the absence 
of the hyaline ecliinulate class to lethal factors. However, there were 
almost four times as many smooth hyaline individuals as were expect¬ 
ed, and the total number of hyaline individuals, as a class, w*as about 
equal to the number that was expected, on a 9:3:3:1 basis. In 
otherjvords, considering the single-factor pair for color independently, 
the 873 Fj individuals were distributed into two classes, brown and 
hyaline (table 4). The observed distribution is within the theoretical 
limits of a 3 : 1 ratio (P- 0.16). The fact that all of the hyaline indi¬ 
viduals had smooth walls seems to indicate that the expression of 
echinulation in the hyaline chlamydospores is suppressed. Further¬ 
more, considering the single-factor pair for chlamydospore markings, 
the 873 F 2 individuals were distributed into two classes, echinulate and 
smooth (table 4). 

Obviously, this observed distribution does not agree with the expect¬ 
ed distribution, on a 3:1 basis, because of the absence of the hyaline 
ecliinulate class (/ J ^0.01). However, on the assumption that expres- 
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sion of echinulation is suppressed in hyaline spores, the observed 
distribution of cchinulate and smooth chlamydospores shown in 
table 4 is about what would have been expected. 

If, on the other hand, hyaline echinulate spores had been produced 
in the proper proportion for a 9:3 :3:1 ratio, then the F 2 population 
would have been distributed into two classes, as shown in table 5. 

Table 5 —Hypothetical distribution of Fi population of hybrid Ustilago avenue 

X buff smut 



b i indi\ nluals 

Character 

Assumed 
.is observed 

EA|wcted 

Echinulate 

Smooth 

Nu tutor 
MU 
210 

Nu min r 
f>54 
219 

Total 

871 

871 


It is evident that the distribution assumed as observed of the 
population into echinulate and smooth classes, based on the assump¬ 
tion that hyaline echinulate individuals did occur in the expected 
proportion for a 9:3 *3:1 ratio, is agreeable with the expected 
distribution for a 3:1 ratio (/ J =0.48) Apparently, then, there 
is reason to assume the presence of an inhibitor which prevents the 
expression of the factor for echinulation in the hyaline spores of the 
buff smut fungus. If this is true, it would be expected that the F 2 
population of l \tilago avenae X buff smut hybrids would be distributed 
in proper proportions for a 9*3:4 ratio. The 873 individuals of this 
cross were distributed into three classes, brown echinulate, brown 
smooth, and hyaline smooth (table 4). 

That the distribution of the F 2 population of the f sfilago avenae 
* buff smut hybrid is in agreement with the expected distribution 
ior a 9:3:4 ratio (P=0 .20) seems to justify the assumption that an 
inhibitor is present which suppresses echinulation in the hyaline 
chlamydospores. If the inhibitor hypothesis is correct, then half 
of the hyaline gametes would carry the factor for echinulation and 
should produce echinulate brown h\ chlamydospores when crossed 
with f\ levis. Crosses of this type, which would be final proof for 
the inhibitor hypothesis, have not as yet been made. 

SUMMARY 

The factor for brown is dominant over tlie factor for hyaline chlamy- 
dosporos in hybrids between covered smut of oats, Ustilago levis 
(chlamydospores brown, smooth), and the buff smut fungus (chlamy¬ 
dospores hyaline, smooth), and the distribution of the F 2 population 
is on a simple 3 :1 basis. 

The factor for echinulate spore walls is dominant over the factor 
for smooth spore walls in hybrids between loose smut of oats, l hstilago 
avenae (chlamydospores echinulate), and covered smut of oats, 
f \ levis (chlamydospores smooth), and the V 2 population of echinu¬ 
late and smooth chlamydospores w as distributed on a 3 :1 basis. 
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In hybrids between UstUago avenue (chlamydospores brown, 
echinulate) and the buff smut fungus (chlamydospores hyaline, 
smooth) factors for echinulation and brown are dominant over factors 
for smoothness and hyalineness, respectively. The F 2 population was 
distributed into echinulate brown, smooth brown, and smooth hya¬ 
line classes in a 9:3:4 ratio. The evidence seems to indicate that 
the presence of an inhibitor prevents the expression of echinulation 
in the hyaline chlamydospores of the buff smut fungus. 



PENETRATION OF TRICHODERMA LIGNORUM INTO 
SAPWOOD OF PINUS TAEDA 1 

By Mae Spkadling 2 

Assistant scitntific aide, Division of Forest Pathology , Bureau of Plant Industry 
United States Department of Agriculture 

INTRODUCTION 

Trlchoderma Ugnorum (Tode) Harz is the most common mold 
found growing on the unseasoned sap wood of pine. During warm, 
humid weather and under improper methods of seasoning, the sap- 
wood surfaces of some species may be partially covered by this fungus 
within a few days after sawing. In general, lumbermen disregard 
the presence of this fungus because they consider it a superficial 
growth causing only a surface discoloration which disappears after 
the lumber is seasoned. So far as the writer knows no experimental 
data have been published which show that Trlchoderma Ugnorum 
penetrates wood. Gerry,' 1 however, showed that five other wood- 
inhabiting molds penetrated both hardwoods and softwoods. Falck 4 
stated that water-stored wood is often attacked to a certain degree 
by the so-called green 4 ‘IIol%scliimmcl T9 ( Trlchoderma Ugnorum). He 
also stated that this mold may spread very rapidly over the outer 
surface and to the interior of the wet wood without influencing the 
strength of the wood. 

Trlchoderma has frequently been isolated by the writer from the 
interior of wood, indicating that it is more than a superficial growth 
on the wood. The following experiments were therefore undertaken 
to determine the extent and rapidity at which Trlchoderma Ugnorum 
would grow through the sapwood of loblolly pine taeda L.). 

The first results obtained were sufficient to prove that the fungus 
penetrates steam-sterilized wood rapidly. Subsequent investigations 
were made to determine the effect of steam sterilization on the sus¬ 
ceptibility of the wood to the imasion of the fungus, and the part 
played by the moisture content of the wood. 

EXPERIMENTAL DATA 

METHODS 

Five strains of Trlchoderma Ugnorum were isolated by the spore- 
dilution method from southern yellow' pine chips collected in mill yards 
in Mississippi and Louisiana. The cellulose-dissolving ability of 
these strains was tested on McBeth and Scales' cellulose agar. 4 The 
strain that cleared the agar most rapidly (no. 5) and the .strain that 

1 Received for publication Dec 2, 193/5; issued April 1936 tn cooj>eration with the Forest Products 
Laboratory, Forest Service, U S Department of Agriculture. 

1 The writer wishes to express her appreciation to C A. Richards, Carl Hartley, R. M. Lindgren, and 
other members of the Division of Forest Pathology for helpful suggestions received during the investigation 
re]>orted in this paper. 

i Oekry, E. five molds and theik fknktkation into wood Jour. Agr Research 26: 219-229, illus. 
1923. 

4 Falck, R. ueper den einfluss des flossenb auf die widerstandsfahigkkit dkh fauholzeh 

GE(iEN TROCKENFAULE UND tlPER DEN HOLZSCHUTZ DURCH SCRIMMELFEFAIJ. UNO DIFFUSIONSTRANKUNG 

Mitt Forst. u. Forstwiss 11:480-486, illus. 1931. 

4 McBeth, I. g., and Scales, F. M. the destruction of cellulose by bacteria and filamentous 
fungi. IT. 8. Dept. Agr., Bur. Plant Indus. Bull. 266- 27-28 1913 
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did not clear it within 10 days after inoculation (no. 3) were selected 
for use in the penetration studies. 

Experimental blocks, 2 by 2 by 2 inches, were quarter-sawed from 
the sapwood of the Finns taeda logs collected in Louisiana and Florida. 
The wood was free from infection, the rate of growth was medium 
(from 4 ] /> to 6 annual rings per inch), and the grain was fairly straight. 
The ends of the freshly cut logs bad been treated with ethyl mercuric 
chloride and painted with filled hardened gloss oil to prevent invasion 
of fungi and loss of moisture. 

Blocks in one group were selected at random and steamed for 30 
minutes at 100° (\ (atmospheric pressure). Blocks in another group 

were selected so that 
those steamed for 30 
minutes at 121° (15 
pounds pressure) 
could be compared 
with longitudinally 
and tangentially 
matched unsteamed 
blocks. In ji third 
group, bloclo? were 
steamed 30 minutes 
at 100° and compared 
with others that had 
been steamed 30 min¬ 
utes at 121° and also 
with unsteamed 
blocks. Figure 1 
shows how the blocks 
were selected 

To prevent Trieho- 
derma from entering 
any side of the block 
except the one upon 
w hich the inoculation 
was to be made, all 
sides except that one 
were dipped in a hot 
bath of paraffin 
(about 100° C.) and 
held for 15 seconds, then immediately transferred to a cooler paraflin 
bath (about 00°) for 30 seconds. The object of the first paraffin bath 
was to penetrate the surface of the block sufficiently to hold the 
thicker paraffin film formed in the second bath. 

The blocks were placed in sterile glass jars, 5 by 5 by 10 inches, 
containing 35 ce of distilled water. They were prevented from coming 
into direct contact w ith the w r ater by means of glass supports. A layer 
of cotton w as placed between the glass stopper and the rim of the jar. 

As soon as the steamed blocks were cool they were inoculated with 
approximately 0.2 ec of a heavy spore suspension of Trichoderma 
Ugnorum placed on the center of the unparaffined side of each block. 
They were then incubated at from 25° to 30° C. for different periods. 

At the end of the incubation period small cubes winch were to be 
sectioned for microscopical examination were saw^d from the inocu- 
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lated blocks (fig:. 2) These cubes were boiled 15 minutes in distilled 
water and preserved in a 50-50 glycerin-aleoliol mixture. From 10 
to 20 radial sections 30m thick were then taken from the cubes and 
examined under the microscope for the presence and depth of penetra¬ 
tion of Trichoderma mycelium. The sections were stained 15 minutes 
in Pianeze III b, 6 dehydrated with alcohol, cleared with a solution of 
carbol-turpentine, treated with xylol, and mounted in Canada balsam. 

Moisture determinations 7 of the wood were made at the end of 
the incubation period. The moisture samples consisted of a tangential 
and a radial side which remained after the center was removed from 
the 2-inch cube (fig 2) 

RESULTS 

The rate and extent of penetration of Trichoderma lignorum , strains 
nos 3 and 5, into Pinus taeda sapwood ..that had been steamed 30 
minutes at 100° C. are recorded in table 1. At the end of 72 hours 
both strains of the fungus had 
penetrated a 2-inch block which 
had been inoculated on the tan¬ 
gential side. At the end of 60 
hours, strain no. 5 had penetrated 
a block inoculated on the trans¬ 
verse side, while strain no. 3 had 
penetrated only three-fourths of 
that distance 

The mycelium was present in 
the ray parenchyma cells, ray 
tracheids, wood tracheids, and 
resin ducts The hvphae were 
most abundant in the ray parenchyma and wood tracheids (fig. 3). 
This was true for both strains. No evidence of direct penetration 
was seen The mycelium appeared to pass through the natural 
openings 



Figure 2 -Method of cutting blocks inoculated 
ith Trichoderma in preparation for sectioning 


r l ybll 1 —Rate of penctiation of Tnchodnma lignorum into Pirm s taeda sapwood 
.s teamed SO minute at 100° C 
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I 
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1 
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1 

( ; 

•! 
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O) 
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06 
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00 

1 06 
61 

£ S 

# 

1 

f 1 

1 

J 3 

1 5 

lmhes 

0.88 

HH 

* 2 00 

2 00 

Inches 

1 50 

2 00 


1 Less than 0 06 inch 


The possibility that the rapidity of penetration was due to a change 
m the wood brought about by steaming was investigated. Longi¬ 
tudinally and tangentially matched steamed and unsteamed blocks 

6 Vaughan, R E a method for the differential staining of fi m.oi s and host celi s Ann. 
Mo Bot Gard. 1 241-242 1914 

Original weight—oven-dry weight 
Oven-drv weight 


100 
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were inoculated with Trichoderma hgnorum, strain no. 5. The results 
(tables 2 and 3) show that steaming wood does affect the rate of pene¬ 
tration by Trichoderma. The average distance penetrated longitu¬ 
dinally by Trichoderma in 20 steamed 2-inch cubes in 60 hours was 
1.71 inches (table 2), while the average distance penetrated in 20 
matched unsteamed cubes w as 0.45 inch 



Fim nt. d Photomicrograph showing Trichoderma rrn celium in w ood trachuds and ra 5 parenchyma tells 
of J*tnu8 taeda sipw ood X lb5 

The relatne effect of steaming for 30 minutes at 100° or 121° C 
may he seen in table 3 The results indicate that the difference in 
temperature caused no significant difference in the rate of penetra¬ 
tion by Trichoderma. The fungus penetrated 1.71 inches into wood 
steamed at 100°, and 1.63 inches into wood steamed at 121° 
During the same period the fungus penetrated only 0 4 inch into the 
unsteamed \iood. • 
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I \bi f 2 —Effect of shaming (at 141° C lot SO minutes) on the longitudinal pene- 
tiation of Tnchoderma lignorum into sapuood of Pxnustacda m bO hours 
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44 
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50 

7" 0 

{8 

80 0 

41 

90 0 

)f 

90 4 

50 

112 0 

2o 

95 2 

44 
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50 
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44 

106 2 

38 

90 4 
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2 inch rube no 


2 

1 

6 

10 

11 

14 

15 
18 
19 
22 
21 
26 
r 

30 

31 
14 
35 

38 

39 

\ \erage 
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Inches 

68 1 

1 7 r 

"7 8 

1 88 

63 7 

1 88 

65 0 

1 50 

(A 6 

1 " r 

"1 0 

J 94 

6" 4 

1 69 

"2 3 

1 94 

"■ r 8 

2 00 

"9 2 

1 81 

6* 0 

1 88 

M> 6 

1 56 

”0 2 

1 50 
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1 81 

108 2 

1 ”5 

17 5 

1 r < 

— 4 

1 " r 

8" " 

1 50 

~8 2 

1 41 

”9 1 

1 50 

"5 4 

1 71 


1 \bi e 3 —•Effect of steaming (at 100° and 1 J 1° ( jot 30 minute s) on tin longi¬ 
tudinal pcnetiation of Truhodnma lignounn into sapuood of Pmus taeda m 
bO hours 
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| 

Percent 
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104 4 

0 41 

2 


100 1 

1 69 

3 

81 9 I 

1 1 TO 
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118 4 

31 

6 


101 5 

1 88 

4 

94 2 1 

| 1 48 

9 


| 117 4 

44 

7 


94 1 

1 56 

8 

92 5 { 

1 94 

10 


111 0 

41 

11 


101 8 

1 75 

12 

94 9 


14 


108 9 

38 

15 


102 4 

2 00 

14 

88 ~ 

1 1 50 

18 


104 6 

44 

If 


94 ~ 

1 50 

r 

88 0 

1 94 

11 


107 f 
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20 


r 7 

1 94 

21 

86 2 

1 75 

23 


104 f 

38 

24 


89 2 

1 5f 

22 

84 4 

1 48 

27 


92 4 

48 

2 r 


81 4 

1 50 

2f 

— 4 

1 50 


Average 

107 " 

40 


Aieruge 

9-) 0 

1 71 

Average 

87 4 , 

1 63 


binee wood loses moistuxe during steaming, it was thought that 
perhaps the steaming might lia\e ieduced the moistuie of the wood 
so that the steamed blocks contained oftly the amount required for 
the optimum growth of Tnchoderma } while the unstcamed blocks 
were too wet However, the highest moisture content (table 2) of 
any one steamed block was 108 2 peicent, and the lowest moisture 
content of any steamed block was 63 7 percent, yet the fungus 
tra\eled only 0 13 inch farthei m the latter A similar relation 
existed m the unsteamed blocks Tnchoderma grew 0 38 inch into 
an unsteamed block ha\mg a moisture content of 106 2 percent and 
the same distance into anothei haMng a moisture content of 77 
percent The fungus grew very differently on steamed and unsteamed 
blocks ha\ing approximately the same moisture content (table 4). 
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Table 4. —Depth of penetration of Trichoderma lignorum into steamed (for SO 
minutes at 121° C.) and unsteamed blocks of Pinus taeda sapwood having approxi¬ 
mately th( same moisture content 



I nsteamed blocks 



Steamed blocks 



Moisture (percent) 

1 Depth of | 
t>enetration , 

1 _ 


Moisture (percent) 

Depth of 
penetration 



Inch 



Inchtfi 

108 0 


0 38 

108 2 

. 

1 75 

07 f. 


! .38 

97 5 

_ 

1 56 

86 8 


.50 

86 2 

_ 

1 75 

78 1 


| 44 

78 2 

. 

1 31 

77. . 


! 38 

77 4 

. 

1 1 63 


1 Amupe for 2 Mocks 


SUMMARY 


The penetration of Trichoderma lignorum into sapwood of Pious 
taeda was determined by the presence of the fungus in the ray paren¬ 
chyma cells, ray tracheids, wood tracheids, and resin ducts. The 
greatest number of hyphae were found in the ray parenchyma and 
wood tracheids. This was true for both strains used. 

The hyphae passed through the natural openings of the wood. 

The fungus penetrated the wood both radially and longitudinally, 
but there was evidence that it grew more rapidiy in the longitudinal 
direction. 

There was no significant difference in the rate of penetration be¬ 
tween the cellulose-dissolving strain and the noncellulose-dissolving 
strain. 

Trichoderma lignorum penetrated both steamed and unsteamed sap- 
wood; however, steamed wood was penetrated about four times 
faster than unsteamed wood. Steam sterilization at 100° C. for 
30 minutes had the same effect as steam sterilization at 121° for the 
same length of time, so far as could be determined by the growth of 
the fungus in the wood. 

The difference in moisture content between steamed and unsteamed 
wood did not appear to be the cause of the difference in the rate of 
penetration by Trichoderma lignorum. 



RELATIVE RESISTANCE TO BACTERIAL WILT OF CER¬ 
TAIN COMMERCIAL AND SELECTED LOTS OF ALFALFA 1 


B\ .1 L. Weimeii, senior pathologist , Division of Forage Crops and Diseases , 

Bureau of Plant Industry , United States Department of Agriculture, and B. A. 

Madson, head of Division of Agronomy , California Agricultural Experiment 

Station 

INTRODUCTION 

The United States Department of Agriculture and certain State 
experiment stations have published a number of papers (1-1J) 2 
giving the results of research seeking an alfalfa (Medicago mtira L.) 
resistant to bacterial wilt ( Phytomona* ins idiom (L. McC.) Bergey 
et ah). \Vestover (12) has pointed out that Ladak, Hardistan, Kaw, 
and the commercial Turkistan alfalfas have shown varying degrees 
of resistance. All of these alfalfas, however, are of the winter- 
hardy type, which, regardless of temperature, becomes more or less 
dormant early in the autumn. Owing to this characteristic, the 
growth of Turkistan and Ladak alfalfas at Riverside, Calif., is 
greatly retarded as early as September and is much delayed in the 
spring. These alfalfas, therefore, are not suitable for commercial 
production in the Southwest. In view of this fact it seems desirable 
either to find a selection from one of these alfalfas w T ith the dormant 
character less pronounced or to search for bacterial wilt resistance 
in the less winter-hardy types of alfalfa. With this purpose in mind 
a study was undertaken to compare the relative resistance to bac¬ 
terial wilt of a number of different lots of alfalfa under California 
conditions. The present paper is a progress report of the work on 
this project during the 6 years 1930-35. 

METHODS 

Most of the seed lots studied were supplied by H. L. Westover, of 
the Bureau of Plant Industry, United States Department of Agricul¬ 
ture, Washington, D. C. Samples of locally grown seed also were 
included. The seed was sown in the greenhouse and in rows in 
the field. The plants usually were 4 to 8 months old when inoculated. 
The roots were dug carefully, so that a section of the taproot 4 or 
more inches long remained intact. Besides the broken roots, addi¬ 
tional wounds for the entrance of the bacteria w^cre provided by 
scraping some of the corky layer from the surface of one side of the 
taproot. This method of wounding the plants was similar to the 
one described by Jones (2). Usually a small segment of the lower 
end of the taproot was cut off just before inoculation. The plants 
were inoculated by immersing the roofe for several minutes in a 
heavy bacterial suspension. Bacteria from fresh cultures of a recent 
isolation were used. All the bacteria that could be scraped and 
rinsed conveniently from about 25 agar slant cultures were used for 

1 Hrjeixed lor publication Dec 12, 1936; issued April 1930 Cooperative investigations between the 
( aliforma Agricultural Experiment Station and the Division of Forage Crops and Diseases, Bureau of 
riant Industrv, l S Department of Agriculture 
1 Reference is made by number (Halle) to Literature Cited, p 565. 
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each gallon of suspension. The plants usually were set in the ground 
as soon as possible after inoculation, although in one instance the 
inoculations were made several days prior to replanting with equally 
good results. 

The plot at Delhi, Calif., where much of the early work was done, 
was on light sandy soil on which badly wilted plants had grown 
the previous season, while that at Davis, Calif., used later, was on 
a heavy black soil. The plants were inoculated either in late autumn 
or early spring and were allowed to grow undisturbed for several 
months to a year, more commonly the latter, before they were dug 
and examined for the presence of bacterial wilt. The taproots were 
cut off just above the broken end, usually G to 12 inches below the 
crown, and the presence or absence of the characteristic yellowing 
due to bacterial wilt was determined. Plants which showed no 
top symptoms of bacterial wilt and whose roots were free of the 
characteristic yellow color were classed as healthy and the remainder 
as diseased. In some instances samples of diseased roots were placed 
in a fixing solution and later studied to confirm the field diagnosis. 
After the plants were examined those classed as healthy were again 
wounded, inoculated, and planted and allowed to grow ailBther G 
months or a year, if any plants remained healthy after the second 
treatment, they were transferred to the greenhouse for seed produc¬ 
tion. In one case all of the plants in the plot that appeared to be 
healthy were permitted to go to seed the latter part of the summer 
following the second inoculation, the tops of the plants showing 
disease being kept cut to prevent blossoming and crossing with 
the others. The seed thus obtained was used in an experiment the 
results of which are shown later. (See table 3.) 

EXPERIMENTAL DATA 

TESTING UNSELECTEl) SEED LOTS 

The results obtained from inoculating plants of 3N different seed lots 
of alfalfa are recorded in table 1. As shown in column 3, varying 
numbers of plants of the different lots were used. These plants were 
grown in rows in a field at Riverside, Calif., from seed sown March 12, 
1930. They were dug October 23 and 24, 1930, inoculated, wrapped 
carefully in newspaper, packed in boxes and shipped by express to 
Delhi, Calif., where they were planted on October 27 to 29, 1930. 
They grew well for a time, but after a few months began dying rapidly 
from bacterial wilt. The percentage of plants still healthy in October 
1931 is given in table 1, column 4. 

Table 1, column 5, shows the number of plants that were judged to 
be worthy of further trial in October 1931. These plants for the most 
part were healthy, although a few had slight bacterial wilt infections. 
All of them were reinoculated and replanted as previously described. 
The results of this second inoculation and the additional year of growth 
on badly infested soil are evident from the figures in column 6, table 1. 
Four of the lots were 100-percent dead or diseased by the end of the 
first year, and many others were only slightly less seriously affected. 
Twenty of the reinoculated plants were 100-percent affected by the 
end of the second year. Only an occasional plant had survived and 
was apparently healthy. It will be noted that greater percentages of 



Apr 1 1936 


Relative Resistance to Bacterial Wdt of Alfalfa 


549 


the Turkistan, Hardistan, and Ladak plants were left than of any of 
the others A few plants of the less hardy alfalfas, such as Hairy 
Peruvian and Kansas Common, remained It is quite evident that a 
single inoculation did not seive to eliminate all of the susceptible 
plants This observation confirms those of Jones (,$) and Peltier and 
Tvsdal (8) 

Iabie 1 —Relative resistance of different seed lots of alfalfa to bacterial wilt , as 
indicated by percentage of plants uninfected after 1 and i inoculations and by per¬ 
centage of original number of plants still healthy at end of second yea? {1980 
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0 00 
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47 

7 

00 

00 
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48 

2 

00 

00 
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52 

r 

00 
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52 

10 

00 

00 
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55 
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00 
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68 

30 88 

18 
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1 47 

Do 
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1 C indicates accession numbers of the Division of Porage Crops and Diseases s jp I Division of 
v ee 1 and Plant Introduction (since changed to P P 1 Division of Plant Exploration gnd Introduction) 
N 4H New and Hare Field Seed Distribution C omm , seed purchased from seedsmen 
Accession numbei of the California Agricultural Experiment Station 


Seed of other lots of alfalfa was sown in rows m the field at Davis, 
Calif , m \pnl 1931, and the plants were inoculated and planted at 
Della in October 1931 The data obtained from this experiment are 
recorded in table 2 Here again foui ol the lots, namely, Moiocco 
F P I 88912 and three Spanish lots, failed to survive the first 
inoculation Many others fared little better Again the Turkistan, 
Hardistan, and Ladak lots contained more resistant individuals than 
any of the others except Iran (Persia) F. P I 86362 Since most Persian 
strains show relatively low resistance, the higher degree of resistance 
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displayed by F. P. I. 80362 raises a question as to whether it came 
originully from Turkiatan. 

The relative resistance to bacterial wilt of common alfalfa from 
Hemet, Riverside County, Calif., and from Modoc County, Calif., 
so far as known, has not been reported previously. Out of 188 plants 
of alfalfa from Hemet inoculated in October 1930 (table 1) none 
survived the 2-year test, while of the 191 plants first inoculated in 
October 1931 (table 2) only 2.09 percent remained healthy at the end 
of the second year. A single plant of the alfalfa from Modoc County 
withstood the double inoculation. 

Arizona Common and Hairy Peruvian alfalfas, which are com¬ 
monly grown in California as well as in neighboring States, proved to 
be very susceptible in these tests as well as in those previously reported 
by other workers. Apparently the alfalfa commonly grown in Cali¬ 
fornia, regardless of whether the seed comes from Modoc or Riverside 
Counties or from Arizona, is almost certain to prove susceptible to 
bacterial wilt. 


T\hle 2 —Relative uinstance of different seed lots of alfalfa to bacterial unit , as 
indicated by percentage of plants uninfected after 1 and 2 inoculation* and by 
ptrerniagt of original number of plants still healthy at end of second year (l r )SJ-SS) 
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0 00 
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33 33 
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Plants 
unin¬ 
fected 
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inocula¬ 
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0 00 
00 
00 
00 

48 
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.49 

.00 

49 
2 09 

1 00 
1 18 
00 
2 01 
5 08 
9 90 
9 70 
8 51 
10.02 
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TESTING SINGLE-PLANT PROGENY 


Data obtained by inoculating the progeny of single plants are given 
m table 3. Knch entry in column 3, combined w r ith the corresponding 
entries in columns 1 and 2, is the designation of a single plant. These 
plants include most of those surviving the second inoculation shown 
in column 7, table 1. As previously stated (p. 548), the seed was 
obtained during the summer of 1932 by open pollination. This seed 
was sown in the greenhouse at Davis in the early winter, and the 
plants were inoculated and transplanted to the field on April 25,1933. 
When the plants were examined on November 2 t 1933, there were 




\pr 1, 1936 


Relative Resistance to Bacterial Wilt of Alfalfa 


551 


almost no top symptoms of bacterial wilt and the stand was considered 
almost perfect. The plants remaining healthy were reinoculated, 
replanted, and permitted to grow until November 1934. The final 
results are shown in columns 7 and 8, table 3. 

These data are of considerable interest, since they show the reac¬ 
tion to bacterial wilt of plants whose parents withstood a very severe 
test for resistance. The percentage of healthy plants remaining after 
the second inoculation varied from 0 to 100, being in general consid¬ 
erably higher than in previous experiments. For example, in table 1 
Turkistan F. C. 14786 shows 43.20 and 12.50 percent, respectively, 
of healthy plants surviving the first and second inoculations, in 
table 3 is shown the reaction of the progeny of six different plants of 
Turkistan F. C. 14786. Here the percentage of healthy plants after 
two inoculations varied from 100 in nos. -4 and 8 to 38.54 in no. 16, 
the average percentage of the progenies of all six of the plants remain¬ 
ing healthy being 64.57. On the other hand, Turkistan 191-2 after 
the first inoculation showed the same percentage of healthy plants 
(22.22) as the original stock when inoculated the second time (table 
1, column 6), but no plants in the former survived the second inocu¬ 
lation. Turkistan 191-1 likewise failed to show any significant in¬ 
crease in resistance over its original stock. 


T mile 3. —Relative resistance of the proqeng of individual plants which had survived 

2 inoculations 


[The seed was produced bj open pollination] 
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Similar comparisons of other plants and their respective progenies, 
as listed in the tables, show that resistance to bacterial wilt is trans¬ 
mitted to the offspring in different degrees by different resistant 
plants. In some instances there seems to be no increase in resistance 
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in the first generation over the seed stock, while the reverse is true in 
other cases Obviously the fact that a plant has survived two inocu¬ 
lations and 2 years' growth on infested soil does not necessarily mean 
that it will produce progeny of a higher degree of resistance. A similar 
conclusion has been reached by Jones (2), Brink, Jones, and Albrecht 
(/), and Peltier and Tysdal (ti). 

In this connection tables 4 to f> are of interest Table 4 is designed 
to show more clearly the comparative resistance of the seed stock and 
the first generation of certain plants of some seed lots tested. The 
percentages of plants of each generation remaining healthy after two 
inoculations are given in columns 4 and 5. In table 4, columns 1 and 
2, the first item in each group of plants recorded represents the stock 
from which the other plants v\ ere obtained. For example, the original 
stock of Turkistan 191, whose resistance is shown in table 1, is com¬ 
pared with the progeny of 191-1 and 191-2, two plants selected from 
this stock The original number of plants of 191 set out, as showm in 
table 1, column 3, was 120 Of these only 2 (191-1 and 191 2) sur¬ 
vived the second inoculation, or, in other words, 1.59 percent remained 
healthy (column 4, table 4) The percentages of the progenies of 
these two plants that were still healthy after two inoculatio?fc are 
given in column 5, table 4 In like manner Turkistan alfalfas F. C 
14780, F C 15754, S P I 20988, S P I 31811, and several other 
seed stocks are compared with their respective progenies The in¬ 
crease in resistance is quite striking in some cases and nil in others 

T\hle 4 -Comparison of the resistance of certain seed lots with that of then progeny 
(Progenv from oi>en pollinated seed] 
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Table 5 gives the reaction to bacterial wilt of progenies of some of 
the plants shown in table 4, but from seed grown in the greenhouse 
and hence selfed. The percentages of healthy plants surviving the 
two inoculations are given in column 8. These figures enable one to 
compare the relative resistance of the progenies obtained by close polli¬ 
nation (table 5) with those secured by open pollination (tables 3 and 4) 
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as well as with the original seed stock (table 1). In general, there was 
considerable increase in resistance in the progenies of these selected 
plants when close-pollinated over that of the original stock from which 
the parent plants were selected. The progenies of the parent plants 
when open-pollinated also showed more or less increase in resistance. 
However, between the two sots of progenies there was no consistent 
difference that might be attributed to the difference in the method ol 
pollination. 

Tvbll 5. —Resistance to bacterial wilt of pioqcnq of icsistant plant seltctions 
[Progeny from (losc-jKillinated seed] 
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F. R. Jones contributed some ulialin plants winch he had selected 
loi their resistance to bacterial wilt at Madison, Wis. These were 
planted in the greenhouse at Da\is, Calit , and seed was obtained from 
most of them The plants from this seed were inoculated in the usual 
way The inoculations were made in April and November 1934, and 
the plants were examined in November 1934 and May 1935, respec¬ 
tively The percentage of the progenies from each plant remaining 
healthy is gi\en in table 6. The source of the parent plants is shown 
in table 0, column 1. These plants were presumably of the Common 
variety, 1301-1, 1304-8, and F. C. 15749 being recorded by Jones as 
of the semihardy type. Some of these plants produced progeny of a 
low degree of resistance, as shown in colflmn 8, while the reverse is 
true of others. A better understanding of the potential value of a 
line in the nonwinter-hardy group, which shows 50 percent or more of 
resistant plants, is obtained by a comparison with those of the same 
group; for example, with the California Common grown in the vicinity 
of Ilemet and Hairy Peruvian, listed in table 5, and with other non¬ 
hardy alfalfas, listed in tables 1 and 2. Very commonly the plants 
belonging to the nonhardy group are 100-percent affected as a result 
of the first inoculation Several of the plants sent by Jones, some of 
which are nonhardy, have produced progeny apparently equal in 
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resistance to the Turkistans and Ladak. The prospect of obtaining 
some valuable selections from these plants seems promising. 


Table 0 —Resistance of the progeny of plants selected by F R Jones at 

Madison , Tts 
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‘ Vccession numtier of \\ istousin Agricultural Fxpenment fetation 

SUMMARY 

Alfalfa plants produced from 59 different lots of seed from various 
sources have been tested for icsistance to bacterial wilt at Delhi and 
Da\is, Calif. 

The plants were inoculated twice and grown in field plots for 6 
months to 1 \ear following each inoculation. Seed was obtained from 
the plants which remained healthy and the resistance of the new 
generation was tested 

The results confirm those of other workers in that they show that 
Turkistan, Hardistan, and Ladak alfalfa seed lots contain the highest 
percentages of resistant individuals. A few plants of some of the other 
seed lots survived the two inoculations The progenies of these are 
being tested 
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Iran (Persia) F. P. I. 86361 and F. P. 1. 86362 contained more 
resistant individuals than most of the others, with the exception of 
Turkistan, Hardistan, and Ladak, and, since most lots from Iran have 
shown relatively low resistance, the question arises as to whether 
these lots came originally from Turkistan. 

For the most part, progenies of plants that survived two inocula¬ 
tions gave a somewhat higher percentage of resistant individuals 
than did the original stock. Some of the progenies were no more 
resistant than the stock from which the original selections were made, 
while the reverse was true in other cases, showing that resistance is 
transmitted to the offspring in varying degrees by different plants. 

Plants from 38 different individuals selected by F. R. Jones, many 
of which were from the nonhardy group of alfalfas, were tested. The 
progenies of some of these plants contained many individuals which 
survived two inoculations. 
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INTRODUCTION__ _ __ b ___ 

The morphology of the wheat seedling (TrWhtrn vulgar? Vi$©8 
affected by both soil temperature and light during the early stages 
of growth. Two of the more prominent and important seedling 
characters determined during early growth are the length of the 
eoleoptile and the position or depth of the erown in the soil. The 
eoleoptile, though its life is short, is of prime importance to normal 
germination. It is also the organ through which organisms causing 
some of the more serious plant diseases enter the seedling The loca¬ 
tion of the erown in relation to the soil surface can readily influence 
tillering, crown-root development, heaving, and winter injury. Another 
seedling character affected by environment is the seminal root system. 

The present study, conducted in the greenhouses at the Arlington 
Experiment Farm, Rosslyn, Va , near Washington, D. C., show's the 
influence of four constant soil temperatures on the seedling develop¬ 
ment of a spring and a winter wheat sown at two depths. In addition, 
some observations on certain factors influencing the seminal root 
frequency have been made. 

REVIEW OF LITERATURE 


The influence of depth of seeding on the eoleoptile length of wheat 
was observed by Percival (<9). 3 He also has described the two root 
systems and the factors influencing their formation and extent. 

Dickson (2) noted the effect of soil temperatures on both eoleoptile 
length and elongation of the subcrown internode of two varieties of 
wheat. 

Kossowitscli (5) found that plants grown in shaded areas had 
higher crowns than those grown in full sunlight. He also showed in 
plant-house experiments that high temperatures gave a similar 
result. In addition, he gives field data showing that winter-killed 
plants had much shallower crowns than the surviving plants. 

Tavtfar (12) states that the variety least damaged by cold has the 
vegetative point of its principal stalk the*most deeply buried. 

Gladkii and Lykhvar (4) believe that soil moisture (about 18 per¬ 
cent) appears to be the main factor in the development of the under- 

’ Ueceivod for publication Oct 5, 1935, issued Mav 1936 

Recording to the rules of botanical nomenclature the name of this species is Tnttcum aesttvum L , but 
as r e-t Igare is in general use among agronomists and cereal pathologists and geneticists, the writers give 
preference to that name 

3 Reference is made by number (italic) to Literature Cited, p 568. 
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node or coleoptile tiller. From 10 to 50 percent of the heads can 
come from this node. 

Friedberg (8) found varietal differences in the rate of coleoptile 
tillering, lie believes the coleoptile tiller can be a factor in recovery 
from winter injury. 

MATERIAL AND METHODS 

Well-developed kernels of Hard Federation (C. I. 4 4733) and Turkey 
((\ 1. 155S), both from Moccasin, Mont., were used. These varieties 
differ greatly in growth habit. Hard Federation is an early spring 
wheat with white kernels, introduced from Australia by the United 
States Department of Agriculture in 1015, and Turkey is a midseason, 
hardy, hard red winter wheat probably introduced into Kansas in 
1873 by Russian Mennonites (/). 

The seeds were sown in galvanized-iron cans 8 inches in diameter 
and 0 ]/ 2 inches deep, filled 7 J * inches with a uniform loam. The 
desired moisture content was maintained by triweekly weighings 
and additions of water. Soil-surface evaporation was reduced by a 
coarse granular cork mulch. 

For each variety there were lti cans at temperatures of 12°, 1(>°, and 
24° C\ and 20 cans at 20° (\ These were maintained constantly by 
thermostatic control. The mechanism of the tanks (controlling the 
temperatures) is described in detail by Leukel (6*). Twelve seeds were 
sown to a can, and later the plants were thinned to four seedlings. 

Two seedings, one made on December 5, 1928, and another on 
February fi, 1029, were studied. The most important difference 
between the two seedings, other than date with consequent light 
effects, was the depth of seeding. In the earlier sowing the seeds 
were IS mm and in the later they were 45 mm below the top of the 
cork mulch. 

The principal measurements made were length of coleoptile, length 
of subcrown mternode, number of coleoptile tillers, number of tillers, 
and number of crown roots. The tillers and crown roots were counted 
when the plants were 8 weeks old in the first seeding and approximately 
fi w T eeks old in the second. 

EXPERIMENTAL DATA 

GERMINATION 

(termination of both Hard Federation and Turkey was most 
rapid at 24° C. in both seedings. At each lower temperature the 
germination period increased. As shown in table 1, no significant 
differences in the rate of germination between Hard Federation and 
Turkey occurred at any temperature. 

EFFECT OF TEMPERATURE AND DEPTH OF SEEDING ON LENGTH OF COLEOPTILE 

Soil temperature exerted a decided influence on the length of the 
coleoptile of the plants sown IS mm deep (table 1). The average 
length of the coleoptile of both varieties grown at 20° C. was approx¬ 
imately 10 percent less than at 24° and from 25 to 28 percent less than 
at lfi°. There were no significant differences in coleoptile length 

4 <\ I. refers to accession number of the Dh ision of Cereal Crops and Diseases, formerly Office of Cereal 
Instigations. 
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between the plants grown at 16° and at 12°. When the seed was 
sown 45 mm deep, temperature differences had little effect on coleop- 
tile length, as the greatest difference due to temperature in either 
variety was less than 6 percent. 


Table 1 . —Effect of temperature and depth of seeding on plant characters of Hard 
Federation and Turkey wheats grown in controlled-soil-tempernture tanks at the 
Arlington Experiment Farm , Rosslyn, Va. 
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i The number following the plus-or-nnnus sign represents the probable error 


The effect of depth of seeding, or lack of light, on the coleoptile 
length is shown by comparing the data from the first and second 
seedings (table 1). At 24° (\ the coleoptile length of the shallow- 
sown Hard Federation was 11 percent less than that of the deeper 
sown; at 20° it was 20 percent less, ami at 10° it was 113 percent less. 
Turkey behaved similarly. 

Hard Federation had a longer coleoptile than Turkey at all four 
temperatures, at both seeding depths. The varietal contrast was 
greater in the shallow' seeding and increased inversely with temper¬ 
ature, ranging from 10 percent to 23 percent shorter for Turkey. 
When the seed was sown 45 inrri deep, the varietal contrast differed 
but slightly with temperature, Turkey being only 12 to 14 percent 
shorter. 

* 

EFFECT OF TEMPERATURE AND DEPTH OF SEEDINU ON LENGTH OF SUBCROWN 

INTERNODE 

The location of the crown is dependent on the elongation of the 
internode or internodes between the basal attachment of the coleop¬ 
tile and the first node of the crown. Normally, the latter is the 
node of the first foliage leaf, although in some cases it may be that 
of the second, third, or even fourth (fig. 1). The region between the 
coleoptile base and the crown comprises the subcrown internode or 
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internodes. The critical period determining the crown location, or the 
elongation of the subcrown internode, occurs soon after germination. 
Twelve days after sowing, or approximately 6 days after emergence, 
both at 20° and 24° (\, the lower node of the crown of Hard Federation 

could be identified with 
to the naked eye and 

m was approximately in 

I its final position. 

At the temperatures 
and seeding depths 
WxJ used in these experi- 

Jl ments the plants 

/I crow ned normally, i.e, 

/lj the first crown node 

/ U was that of the first 

k 1 \ foliage leaf. Thesub- 

/ vO crown region above 

I the coleoptile attach- 

A mcnt consisted, there- 

/ fore, of a single inter- 

I 1 node, the elorijjtotion 

>4 j of which determined 

rfli ' the position of the 

y' * / crown. 

f ’A tj '" ; In both Hard Fed- 

\ f eration and Turkey, 

S j \ the length of the sub- 

f ^ crown internode in- 

' S ) 4 creased progressh ely 

/( 1 from 12° to 24° (\, at 

'/ / ’ both seeding depths. 

/ I Temperature ellects 

/ \ i. on subcrown intemode 

/ w length, as on coleop- 

\ tile length, were great- 

i, est in the shallow-sown 

N plants. When seeds 

w ere sown 18 mm deep 
the subcrown intemode 1 
of Hard Federation 
a\eraged 17 percent 
\ shorter at 20° than at 

1 24°, and that of Turkey 

11 percent shorter. 
The suberown inter- 

Fi.iiKh I Wheat wnllini: ^howum <U*\elopment of the main rroun node elongation of 

sit tin* **wom1 noth* rut her than at the Hist Hal’d Federation at 

lt)° and at 12° aver- 


W heat MVnUinu slhmine <U*\elopmt'iit of the main eroun 
al I hi* swotul noth* rather than at the Hist 


aged 3(> and 01 percent shorter, respectively, than at 24°, whereas in 
Turkey the elongation at 10° and at 12° was 38 and 83 percent 
shorter, respectively. 

Deep seeding increased the length of the subcrown internode of 
both varieties at all four temperatures (table 1), the differences being 
slight at 24° t\ but increasing at the lower temperatures. At 12° the 
internode of Hard Federation w as f>3 percent shorter from the shallow 
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seeding than from the deep seeding and that of Turkey 7X percent 
shorter. 

Hard Federation crowned higher than Turkey at the four temper¬ 
atures, in both seeding depths. The, varietal contrast was sharp in 
all comparisons but most marked at 12°, especially in the IS mm 
seeding, at which the crown of Turkey was (>N percent lower than 
that of Hard Federation. At the same temperature, Turkey, when 
sown 45 nun deep, crowned 44 percent lower than Hard Federation. 
At the two highest temperatures the difference was least, but still 
there was a minimum difference of 20 percent. 

Hard Federation, when sown IN nun deep and grown at 24°, 20°, 
and 10° crowned above the soil line, and Turkey behaved similarly 
at 24° and 20°. When the seed was sown 45 nun deep, the crown 


HARD FEDERATION 



CROWN 


SEED 


TURKEY 


LEVEL 


LEVEL 



24 20 16 


24 20 16 12 


TEMPERATURE (°C.) 


Kh.i HR 2 


Locution of the crown with inference to the surface of the soil when the seed me sown If* mm 
deep nnd Rrown tit four constant temperatures 


was well below the soil surface at all temperatures. The average 
position of the crown with reference to the soil surface at the deeper 
seeding is shown in figure 2. 

EFFECT OF ENVIRONMENT AND VARIETY ON TII.l.ERINO 

In the axil of each leaf, including the eoleoptile and prophyll, there 
is a tiller bud. Inasmuch as each tiller has its prophyll, the extent 
of tillering is theoretically limited only by environment. However, 
it is generally accepted that varieties differ inherently in tillering 
proclivity., ' 

In the writers’ studies Turkey always tillered before Hard Federa¬ 
tion. At the shallower seeding there was an average lapse of 23 days 
before the appearance of first tillers in Turkey and almost 31 days in 
Hard Federation. The corresponding intervals for the deeper Head¬ 
ings were 21 and 28 days. Hard Federation sown 18 mm deep and 
grown at l(i° C. averaged 3.8 tillers per plant and Turkey averaged 
12.7 tillers per plant. At all temperatures in both seedings (table 1), 
Turkey tillered more extensively than Hard Federation. In both 
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varieties, where differences were found, tillering was least at 24° and 
greatest at 10°. 

The growth of the coleoptile axillary bud appears particularly sen¬ 
sitive to conditions during the early seedling development. When 
conditions are favorable the coleoptile axillary bud develops into the 
first tiller of the plant. Shortly afterward the tiller bud in the axil 
of the first seedling leaf develops into the second tiller, and the third 
tiller normally conies from the bud in the axil of the second leaf. The 
fourth tiller to appear may come either from the bud in the axil of 
the third leaf or from the prophyll axillary bud of the tiller in the 



axil of the first foliage leaf. Jn some varieties the coleoptile tiller fails 
to develop under most conditions. Theoretically, it would appear 
advantageous to have varieties tending to develop a tiller from the 
coleoptile node. This would produce a plant with two crowns, as 
shown in figure II Injury by low temperature, heaving, winds, or 
grazing by stock could kill or severely check the main crown and still 
leave the other capable of producing a crop. The coleoptile tiller 
forms what is in effect a second plant with its crown usually located 
deeper in the .soil than the mam crown. The significance of this 
second crowm has been little investigated. 

If the coleoptile tiller is to compete with the main crown tillers and 
develop significantly it must have an early start. Such a condition 
existed when the seeds of Turkey were germinated at 12° C\, as the 
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first tiller recorded in all pots was from the coleoptile axillary bud 
The development of the coleoptile-node tiller is apparently determined 
by the availability of reserve food materials associated with the slow 
growth rate of the low-temperature environment. 

As shown in table 1, Hard Federation rarely developed the colooptile 
tiller at any of the four temperatures, the highest percentage being 4 
at 12° O., with shallow" seeding. 

In Turkey, at 24° C\, no coleoptile tillers w ere recorded; at 20° from 
4 to (i percent of the plants tillered from the coleoptile axil; while at 
10° and 12° the percentage increased to approximately 50 and 80, 
respectively. 

EFFECT OF ENVIRONMENT ANI) VARIETY ON EMILY FORMATION OF CROWN ROOTS 

At the time counts were made more than 28 percent of the Hard 
Federation plants sown 18 nun deep at 24° C. had failed to develop 
functional crown roots. This was due to too high crowning. The 
formation of adventitious roots is very evidently closely associated 
with moisture When plants grew" so that the crown nodes came in 
contact w r ith the moist soil, roots formed readily. Also, it w r as ob¬ 
served that crown roots formed even in the air at a sufficiently high 
degree of humidity. About 14 percent of the plants without crown 
roots had only the main stem, but the remaining 8(i percent had one or 
more tillers. It is evident that formation of the first tillers may occur 
independently of crown-root functioning. The later degree of develo¬ 
pment of these tillers and of subsequent tillers, however, is undoubt¬ 
edly closely associated with that of the adventitious crown roots. y 

The early development of tillers in excess of crown-root formation 
was most apparent in Turkey at 12° (\ At the IK-mm depth of seed¬ 
ing the plants averaged 10.3 tillers but onh 3.4 crown roots per plant. 
At the deeper seeding they averaged 5.(5 tillers and only 1.2 crown 
roots. Hard Federation developed crown roots in excess of tillers 
under all conditions, but more at 12° in the lN-mm depth of seeding, 
averaging (5.3 crown roots and only 3.1 tillers (table 1). 

EFFECT OF TEMPERATURE, DEPTH OF SEEDING, SIZE, AND PREMATURE HARVEST 
OF SEED ON NUMBER OF SEMINAL ROOTS 

The seminal root system of wheat is not generally well understood, 
either in respect to number of roots or function. The information, 
however, is available. Wiggans (15) found that the seminal roots of 
common wheat varied from 1 to 0, and Locke and C lurk (7) showed 
that the seminal root system may remain functional and carry the 
wheat plant through to'matmity. McCall (X) found that there was 
a potentiality for as many as nine roots in the subcrown region which 
could be taken for seminal roots. However, the tiue seminal or seed 
roots are limited to a maximum otsix: the* primary, first and second pair 
of laterals, and a face root. At the coleoptile node, two, and occasion¬ 
ally three, adventitious roots may develop. These, however, should 
not he interpreted as seminal roots since their primordia are not pres¬ 
ent in the embryo. The development of the seminal roots is related 
to nutrition, and the full complement of six roots is rarely found. 

Certain factors of possible influence in determining the number of 
.semiQflLcoots'were investigated. These included temperature, depth 
^seemngTsuaLof-seed, and degree of seed maturity as determined by 
the interval between pollination and harvest. 
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Two seed sizes were used, the separation being made with a screen 
having 8 meshes per inch. The seed was germinated and grown at 
two temperatures approximately 15° and 25° (\ 

The seedlings of Hard Federation differed but slightly in number of 
seminal roots when grown at 15° and at 25° t\ The mean numb er of 
seminal roots at 15° was 3.5, and at 25° it was 3.4. The extre me num - 

bers were 3 and_0. The number of 
seminar roots of Turkey w r as decid¬ 
edly increased, however, by the 
higher soil temperature, as shown in 
figure 4. The mean number of semi¬ 
nal roots at 15° was 3.1, and at 25° 
it was 4.0. More than 90 percent of 
the seedlings at 15° had only 3 semi¬ 
nal roots, as compared with but 28 
percent at 25°. 

When the plants were grown at a 
soil temperature of 12° to lf>°(\, seed¬ 
ing 73 mm deep resulted in fewer 
seminal roots of both Hard Federation 
and Turkey than did seeding 2# mm 
deep. Turkey, however, was less af¬ 
fected by depth of seeding than was 
Hard Federation. More than three 
times as many plants with four semi¬ 
nal roots were found in the 20-mm 
seeding depth of Hard Federation as 
in the 75-mm depth (tig. 5). 

The number of seminal roots was 
greater in both Hard Federation and 
Turkey plants grown from large seed. 
Turkey showed less effect, however, 
than Hard Federation, t he mean n um- 
ber of seminal roots for the former 
from IfiTge seed being 3.7 as compared 
with 3.3 for the small seed. Plants 
from large seed of Hard Federation 
averaged 3.0 seminal roots and those 
from small seed 3.2 seminal roots. 
Figure 0 shows the effect of seed size 
on the seminal-root frequency of Hard 
Federation. More than 80 percent 
of the plants from small seed had but three seminal roots, while less 
than 30 percent of the plants from large seed had as few as three. 

Robbins ( 10 ) found that the first pair of seminal rootlets appeared 
in the embryo about 4 weeks after pollination, and McCall (<S’) observed 
that wheat embryos varied in number of seminal-root primordia and 
that many did not show all six roots. 

The number of seminal roots was determined on Purplestraw 
wheat seedlings from seed harvested 13, 20, and 30 days after flow ering 
and cured in the shock. The results are shown in figure 7. The 
seed harvested 13 days after flowering produced about 50 percent 
of plants with three seminal roots and 15 percent with four seminal 
roots. The remainder were one- and two-root plants. The seed 
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harvested 20 days after flowering 
percent of which had four seminal 
days after flowering produced 
almost 70 percent of plants with 
five seminal roots. That these three 
seed lots differed decidedly in 
seminal-root production is evident, 
but whether these differences are 
due to the ages of embryos or to dif¬ 
ferences in food resen es is unknow n 

OOLEOPT1LE-NODK HOOTS 

The coleoptile-node roots, aris¬ 
ing from just above the coleoptile 
node, are easily mistaken for sem¬ 
inal roots because in size and po¬ 
sition they are so close to the true 
seminal roots. The number of the 


produced plants more than 00 
oots, and the seed harvested lit) 

5 0 ( r • 

I SEED 20 MM | SEED 75 MM 



2345 2345 


coleoptile-node roots appears to be 
related to food resenes. The re¬ 
lation of seed size, seeding depth, 
and age of embryo from pollina¬ 
tion to the number of the coleopfil 
The number of coleoptile-node 
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NUMBER OF SEMINAL ROOTS PER PLANT 

Fmt Kfc fi Percentage of plants with tl liferent num¬ 
bers of seminal roots from large and small s«*cd of H urd 
Federation wheat 


NUMBER OF SEMINAL ROOTS 

Hm Kh 5 IVimituu* of plants with dillcien! 
mimhois of seminal roofs fiom seed of Haul 
fedeialion wheal sown 20 mm md 7 r »mm deep 

e-node roots is shown in figure S 
loots was much Jess from small 
seed and dee]) seeding, the effects 
of those conditions being about 
equal Seed harvested 13 days 
after flow r ering produced plants 
with but few r coleoptile roofs as 
compared with seed harvested 20 
and 30 days after flowering. 

DISCUSSION 

Temperature and depth of 
seeding both have a marked influ¬ 
ence on the morphology of the 
seedling wheat plant. When the 
seed was sown only IS mm dee]), 
much longer eolooptiles were pro¬ 
duced at 20° and 24° than at 12° 
and 10° C\ Deeper seeding, at 
45 min, howc\er, was an even 
more potent fa* tor than high tem¬ 
perature in increasing coleoptile 
length, both Hard Federation 
and Turkey having longer cole- 
optiles at 12° in the deeper seed¬ 
ing than at 24° in the shallow 
seeding. The effect of deep seed¬ 
ing on the length of the subcrown 
internode showed a similar trend, 


but temperature here apparently exerted more influence. A mor¬ 
phological study of either of these two characters without considera¬ 
tion of the seeding depth would be incomplete. 
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The effect of the position of the crown with relation to the soil 
surface on the later behavior of the plant has been little investigated. 
Ixieke and Clark (7) have shown that in dry regions, when the crown 
lies in dry soil, crcmn roots do not form. This was also noted by 
Webb and Stephens (14). A high-crowning variety, or environ¬ 
mental conditions that result in high crowning, would emphasize 
this reaction. Kossowitsch (5) cites field measurements showing 
that the plants that were winter-killed had much shallower crowns 
than those that survived. The wide differences between Hard 



h im k> 7 IVr< tmttw of I'urplestrttw swdlinns * ith one to si\ seminal roots from seed har\ested at three 

inter\uls ufter flowering 

Federation and Turkov in crowning habit, shown in those experi- 
monts and also by Wobh and Stephens (14), indicate dearly that 
variety plavs an important role. 

The results here presented suggest that certain varietal differences 
in seedling wheat plants are largely. determined by the degree of 
response to the temperature factor.' The detrimental effects of too 
early sowing of winter wheat at a time when soil temperatures are 
still relatively high may well be caused, in part at least, by the effect 
of high temperature on crown position. The shallower crowns may be 
placed in drier soil, lesulting in poor crown-root development. Later, 
cold injury may result from less protection or from poor root anchor¬ 
age. These same factors would also be operative in periods of drought. * 
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At favorable temperatures, Turkey possesses a decided tendency to 
develop a tiller and second crown from the coleoptile axillary bud. 
The crown resulting from this is usually located deeper in the soil than 
the main crown and, according to the observations of Kossowitsch 
(5), is less liable to winter injury. This second crown is therefore an 
additional safeguard. An analysis of varieties, both from the stand¬ 
point of temperature reactions in subcrown-internode elongation and 
in tendency to development of the coleoptile tiller, would seem useful 
as a basis for further improvement. 

The slow development of the crown root system of Turkey may be 
one major reason 
why this variety often 55 
shows greater winter 
injury or killing in the P 50 
eastern humid region y 45 
than some of the vari- g 4 
eties known to be less fi> 40 
hardy at low temper- 0 
atures. Heaving of O 35 
plants from the g 
ground is common, u 30 
and in many years e! 
may be more serious © 25 
than injury from low !j 
temperatures alone. S 20 

The importance of r js 
t he seminal roots dur- g 
ing the entire life cy- o , 0 
cle of the wheat plant * 
has been well demon- 5 5 
strated by Simmonds ** 
and Sail ans (11) 0 

and by Todaro {IS). 

Whether it is impor¬ 
tant that the young 
seedling should have 
more than three sem¬ 
inal roots is entirely 
speculative in the 
light of present knowl- . 
edge. On the basis 
of vigor, it could be 
assumed that a greater number is preferable. If so, this can be as¬ 
sured through seed quality, as measured by size and maturity. 

SUNfMARY 

Temperatures of 24° and 20° (\ increased the length of the coleop- 
tiles of seedlings of Hard Federation and Turkey wheat as compared 
with temperatures of 16° and 12°. Deep seeding (45 mm) w r as more 
effective, however, than temperature in increasing the coleoptile length. 

The length of the subcrown internode was also increased by both 
the high temperatures and the deeper seeding. In all comparisons. 
Hard Federation had a longer coleoptile and a longer subcrown inter¬ 
node than Turkey. 
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('oleoptile tillering seldom occurred at 24° or at 20° C\, while at 
l(i° approximately 50 percent of the Turkey plants tillered from the 
♦•oleoptile node, and at 12° the percentage increased to more than SO. 
Hard Federation, however, tillered rarely from this node, as the highest 
percentage of plants with coleoptilo tillers was but four. 

The number of seminal roots of Turkey was increased by germinat¬ 
ing the seed at 25° (\ as compared with 15°. y Large seed and well- 
matured seed also increased the number of seminal roots. With 
deep seeding (75 mm) the number of seminal roots was much less than 
with shallow seeding (20 mm deep). 
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CROWN AND ROOT DEVELOPMENT IN WHEAT 
VARIETIES 1 


By R. B. Webb, formerly junior agronomist, Division of Cereal Crops and Diseases, 

and junior agronomist, Oregon Agricultural Experiment Station , and D. E 

Stephens, senior agronomist, Division of Cereal Crops and Diseases, Bureau oj 

Plant Industry, United States Department of Agriculture 

INTRODUCTION 

Spring grains grown under extremely dry soil conditions in certain 
parts of the Columbia River Basin often do not form crown roots but 
grow to maturity from seminal roots alone. Even fall-sown m heat 
occasionally may mature with few or no crown roots if it is sown 
shallow or if it emerges late in the fall and the following spring is dry. 
When the crown roots fail to develop, yields are reduced, and the plants 
break over at maturity just below the soil surface. Observations of 
the varieties grown at the Sherman Branch Experiment Station, 
Moro, Oreg., have indicated that there is an apparent varietal varia¬ 
tion in elongation of the subcrown internode that determines the depth 
of the tillering nodes from which the crown roots develop. This 
suggests a possible correlation between the depth of the tillering nodes 
or crown and hardiness in wheat varieties, and the possibility that 
varieties may differ in the rate and ability to form crown roofs under 
certain cultural and environmental conditions. 

This paper presents the results from studies on some of the factors 
determining crown and root development, based on the examination 
of approximately 125,000 plants. The studies were started without 
the knowledge that somewhat similar investigations had been made 
by Tavcnrand Friedberg (^)in Germany. 

L REVIEW OF LITERATURE 

Taylor and McCall (If)) have presented a review' of the literature 
on effect of environmental factors on morphology of the wheat seed-, 
ling. From experiments under controlled conditions they show that 
the subcrown internode and coleoptile elongate more when wheat is 
grown at higher temperatures than when it is grown at temperatures 
of 10° C. or lower. They also show' that in deeper planting the 
crowms form deeper in the soil. 

Weaver (16) found that crown-root development in wheat plants 
began with the appearance of tillers. Janssen (7) states that in 
winter wheat all new roots in the spring develop from the crown of 
the plant and not from old roots. 

Worzella {17), in a recent investigation on root development, found 
that the nonhardy varieties of wheat had a tendency to root horizon¬ 
tally, whereas the hardy varieties rooted obliquely or straight down¬ 
ward. 

1 Received for publication Oct 5, ltuft, issued Mh.\, lfKffi CoojKsrativc in\estimations between the 
Division of Cereal Crops and Diseases, Bureau of Plant Industry, l S Department of Agriculture, and 
the Oregon Agricultural Experiment Station 
J Reference is made by number (italic) to Literature Cited, p 5H:i 


Journal of Agricultural Research, Vol. 52, no H 

Washington, D. C. Apr. 15, ltflfi 

Key no. G-1006 



570 


Journal of Agricultural Research 


Vol.52, no 8 


•Many investigators have stated or implied that the seminal roots 
are only temporary. Others, however, notably Krassovsky (S)and 
Cravzov (2), contend that the temporary root system of cereals lives 
and functions until the death of the plant. Krassovsky found that in 
wheat salt absorption continued in the seminal roots throughout the 
vegetative period, reaching its maximum near the time of heading, 
when the main stem attains its maximum growth. She found a rela¬ 
tion between the seminal roots and the main stem and between the 
crown roots and the tillers. 

The common opinion among many investigators, including Carle ton 
(/), Robbins (1.1), Locke and Clark (9), and Rabotnowa (12), was that 
the crown-root system is formed from nodes at a rather constant 
depth below the soil surface no matter how’ deep the seed is sown. 
Robbins states that the crown roots are formed at a depth of 1 inch 
below the surface, and Locke and Clark state that the crown roots 
arise usually just below the surface of the soil. 

Govorov {(>), Tavcar (/^), and Friedberg (4) found that the depth 
of the tillering node \aried with the variety and that the deeper situ¬ 
ated tillering node was associated with winter hardiness. Dickson 
(.1) and McKinney (//) found that the depth of the tillering node 
varied with different environmental factors, such as depth of seeding, 
amount of light, and temperature. 

Friedberg (4) found that the tendency to produce tillers from the 
eoleoptile node, which is a varietal character, allows of recovery after 
the growing point has been destroyed by frost; this explains why some 
varieties, although susceptible to frost, recover better than other 
varieties of equal susceptibility that seldom develop tillers from the 
eoleoptile 

Gladkii and Lykhvar (V>) found that varieties differed in ability to 
develop tillers from the eoleoptile node and that the extent of develop¬ 
ment of tillers from this node increased with injury to the crown 
tillers. 

EXPERIMENTAL METHODS 

Varieties of winter and spring wheat were seeded at Moro, Oreg., on 
several dates during the year in order to get germination under differ¬ 
ent light and temperature conditions. After crown or root formation, 
which took place from 2 to 4 weeks after emergence, the tops of the 
plants were cut even with the ground with a sharp knife or scissors, 
and the crowuis and subcrown internodes of the plants were dug. The 
distance from the seed and crown of each plant to the surface of the 
soil w'as recorded in millimeters. The difference is the length of 
the subcrown internode. 

The term “seminal roots” is used in this paper to include those roots 
which form at the seed. According to McCall (10), the roots that 
arise from the eoleoptile node are not true seminal roots. However, 
under field conditions it is difficult to distinguish them from the true 
seminal roots, primordia of w T hich are present in the embryo. Crown 
roots are those that form at nodes above the eoleoptile node. The 
internode above the eoleoptile node, w r hich elongates to determine the 
position of the crowrn, is the subcrown internode. The crown is the 
series of nodes with short internodes that forms usually below’ the 
surface of the soil. A tiller may be formed from each node in the 
crown, the number of tillers thus being determined by environment 
and variety. 
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EXPERIMENTAL DATA 

VARIETAL VARIATION IN DEPTH OF CROWN 

In 1931 a study was begun to determine the variation in crown 
depth of the winter wheat varieties in the plot trials at Moro., Orog. 
These varieties were sown with a grain drill on October 15, 1930, and 
emerged November 6. At least 50 plants were examined in the spring 
of 1931 from each of three locations on each of three plots, or a total 
of 450 plants of each variety. 

The study was continued in 1932, when 350 plants of each of the 
same varieties were examined. All varieties were sown w T ith a grain 
drill on October 28, 1931, but owing to dry soil and cold weather, they 
did not emerge until early in March 1932. 

The average depth of crown and length of the suberown internode 
for the 25 varieties are given in table 1, The maximum and the 
minimum depths of crow r n found on any plants in 1931 arc also given. 

The data in table 1 show that the varieties ranked in about the 
same order for depth of crown in the 2 years. The varieties ranked 
in nearly inverse order for average length of subcrown internode, 
indicating that the depth of seeding averaged nearly the same for all 
varieties. The maximum and minimum crowrn depths found in plants 
of the same variety in 1931 show that considerable variability may 
occur. 


Table L Depth of crown anti length of suberown lute modi of varieties of winter 
wheat grown in the field at Moro } Oreg ., in lOdl and UM'd 





Depth of croun 


i 

Length of suberown 
internode 

\ arid y 

C 1 
no 1 


1931 * 

! 

i 

\\er- 

i 2-year 

i 

i 


2-year 



] 



n ge 

a\ er- 

1931 ' 

1932 ‘ 

aver¬ 



Maxi¬ 

M mi¬ 

Aver¬ 

for 
1932 i 

nge 



age 



mum 

ni uni 

age 







Mm 

Mm 

Mm 

Mm 

Mm 

Mm 

Mm 

Mm 

Uio 

, 10061 

90 

38 

51 

46 

48 5 

12 

13 

12 5 

(1 olden 

10043 

80 

33 

54 

39 

46 5 

K 

21 1 

14 5 

Oro ... 

! 8220 

80 

30 

49 

43 

40 0 

11 

17 

14 0 

Turkey selection 

11426 

76 

25 

47 

11 

41 0 

13 

21 

17 0 

Kanred.. 

5140 


27 

46 

39 

12 6 

It 

20 

17 0 

Kharkof ... . 

8240 

79 

30 

40 

38 

42 0 

16 

22 

18. 6 

Turkey (local) 

1 4429 

77 

24 

47 

37 

42 0 

11 

27 1 

19. 0 

lrnbler. 

I 10006 

75 

28 

46 

38 

42 0 

12 

26 1 

19 0 

Ti iplet 

5408 

71 

27 

4t> 

30 

41 0 

9 

20 | 

17 6 

Turkey .. 

Turkey selection 

1571 

69 

26 

44 

30 

40 0 

14 

24 ! 

19 0 

11424 

76 

25 

46 

34 

10 0 

14 

31 1 

22.5 

Kharkof. . 

1442 

71 

25 

41 

30 

38 5 

16 

24 | 

20 0 

Fortyfold selection 54 

10064 

70 

23 

41 

36 

38 5 

21 

20 

20 5 

Ridit.. 

6703 

78 

18 

40 

36 

38 0 1 

21 

25 1 

23 0 

Arco 

8246 

76 

20 i 

43 

33 | 

38 0 

26 J 

32 | 

28 6 

Rex._ 

10065 

60 

20 ! 

40 

34 1 

a; 0 j 

20 1 

32 I 

20 0 

Fortyfold selection 29 

10062 

66 

28 

41 

33 

JS7 0 | 

20 j 

31 j 

25 6 

P1068 X Preston.. 

8244 

7^ 

21 I 

30 

30 

36 0 

23 

24 

23 6 

Hybrid 128 . 

4612 

off 

20 

40 

I 32 

36 0 

18 | 

25 

21 6 

Arcadian X Hard Federation 

11426 

60 

18 

41 

31 

30 0 

15 

28 

21 5 

White Odessa*. 

4655 

65 

17 

37 

32 

34 5 

20 

28 

24 0 

Fortyfold X Federation 

| 8247 

65 

20 

38 

31 

34 5 

28 

20 

27. 0 

Kanred X Marquis . . 

11423 

69 

21 

37 

25 I 

31.0 

24 

40 

32.0 

Fortyfold X Hard Fedeiation 

, 11422 

60 

18 

30 

20 1 

31 0 

20 

43 

31 6 

Federation 

4734 

36 

8 

24 

22 

1 

23 0 

28 

3K 

33 0 


»(’. I. refers to accession number of the Division of Cereal Crops and Diseases 
* Average of 4/50 plants. 

1 Average of 350 plants. 
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Varieties of the Crimean or Turkey group, and Golden, a selection 
from Goldeoin, had the deepest crowns. Oro, Kio, and Golden formed 
crowns more than 45 mm, or nearly 2 inches, below the soil surface. 
Federation, the only spring variety sown, formed crowns only about 
23 mm, or less than 1 inch, below the soil surface (fig. 1). 

Twenty-one winter wheat varieties wero sown in nursery rows on 
October 17, 1933. Approximately 200 plants from each variety were 
examined m the spring of 1934. Table 2 gives their average depth of 
crown and length of subcrown internode. The a verage depth of crown 
ranged from 53 mm in Togo and Turkey selection (C. I. 10016) to 28 
mm m Federation In this experiment, as in those made previously, 
the more winter-hardv wheats of the Turkov type formed their crowns 
deeper than did the less hardy, soft white wheats. 



11' i id I N iriihon in tromi depth of two wheat \ inotiev < 1 Rio H federation) sown on 1 hesaintdate 
and at Ua sum depth 1 la plnnts were nit at the soil surface 


Observations were made on depth of crown of 350 plants of each 
of 12 spring wheat varieties sown m the field at Moro on March 11, 
1931 Similar icsiilts were obtained from the same \arieties sown 
March 29, 1932, when 200 plants of each variety were examined 
Table 3 gi\es the data for these spring wheat varieties. The crowns 
wore formed nenrei the soil surface than in the winter wheat varieties, 
and the differences in crown depth between uirieties were smaller, the 
greatest being only 5 5 mm. The varieties, however, held about the 
same relation m the 2 years, indicating that spring wheat varieties do 
differ in the depth at which they crown. 
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Table 2. —Depth of croum and length of subcrown internode of dt varieties of winter 
wheat grown in nursery rows at Moro , Orcg., sown Oct. 1 ?, 1ft,id 





Length 




Lcirth 
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(' i 

Depth 

of sub¬ 

Varipf y 

no 

of 

crow n 

VariolN 

i i 

of 

crow n 



crow n 1 

intei- 

. 

no 

crow n 1 

intei- 




node 1 

1 



male 1 



Mm 

Mm 

1 


Mm 

Mm 

Yogo. 

MOM 

53 

0 

| Albit 

M275 

10 

IS 

Turkey selection 

loom 

53 

M 

1 Triplet selection R4 20 


30 

23 

Oro 

M220 

ftt> 

4 

White Odessa 

4055 | 

30 

21 

Rio 

10001 

50 

s 

1 Hybrid 12M 

1512 

3h 

10 

Turkey selection 

11370 

17 

0 

] Turkey X Florence \ 




Mm hard i 

ft M0 

47 

12 

No 032 


3M 

20 

Ooldon 

10003 

47 

14 

Fort>fold X Federation 

M2 4 7 

30 

23 

Kharkof 

M240 

40 


Hard Federal tun X 1 




Kanred 

4150 

4ft 

12 

Marlin [ 

114MM 

32 

27 

Turkey selection 

1 M2 

41 

15 

FortyfoldXHard Federa¬ 

1 



Ridit 

0703 

12 

15 

tion 1 

11422 j 

32 

25 

Rev 

1000ft 

41 

20 

Federation 1 

1 1 

■“ i 

2H 

31 


1 A vompo of 200 pi'in is 


Table 3.— Depth of crown and length of subcrown internode of Li varieties of spring 
wheat grown in thf field at Moro , Oreg ., in 1tt.il and 1ft.id 


t >i»l tlh of mm n 


I 

I Length of suberown 
mlernode 


Variet.v 


Manims 
Pacific 111 nest r’ii 
Haart X Federal ion 
Baart . 

On as . 

Federal ion 

Hard Federation selection M2 
Hard Federation selection 70 
Hard Feder.it ion 
Hard Federation selection 71 
Hard Federation 31 
White Federation 


r I 

no l I 

| 1031 i | 1032 1 I 


1 

! 

Mm 

Mm m 

4I5M 

31 , 


1007 i 

30 

25 1 

S2ftl 1 

as 1 

2J 1 

1007 . 

2M , 

* *• i 

0221 

27 

21 

1734 

27 

21 

11121 . 

27 

23 

11420 1 

27 1 

2.4 1 

17 U 

20 

24 

S250 

27 1 

22 

M255 i 

27 

22 

40SI 

25 

22 


I 


-ye.ir 

erngc 

1031 i 

10.32 1 

2 > ivil 
average 

Mm 

Mm i 

\lm 

Mm 

20 0 

22 i 

31 

20 5 

27 5 

21 1 

33 

2M 5 

20 .» 

21 1 

3.3 

2M 5 

2(> 5 

20 , 

33 

20. 0 

25 5 

20 1 

35 1 

30 5 

25. 5 

30 | 

30 

33 0 

25 0 

30 1 


32 0 

25 0 

30 

12 ! 

30 0 

21 5 

31 

37 

31 0 

21 

31 ! 

35 , 

33 0 

24 r . 

31 | 

37 1 

31 0 

2.4 5 

30 

30 

31 5 


I 


1 Average of 350 plants 
* Vverage of 200 plants 


VAIUETAL VARIATION IN SUBC ROWN PARTS 


Thu intornode above the eoleoptile node usually is the only one to 
elongate below the crown in wheat plants. Under some conditions, 
however, one or more* internodes above this one may elongate, and 
roots and a tiller may develop from each node. 

Five wheat varieties were sown in small flats on May 14 and duly 1, 
1931, at Moro. After crowns had formed, 200 plants of each were 
examined to determine (1) the number of plants with two or more 
internodes immediately above the eoleoptile node that had elongated 
and (2) the average length of these internodes. The data obtained 
are recorded in table 4. In these seeditigs some plants in all varieties 
elongated in two internodes, but only Golden produced many plants 
that elongated in three internodes. 


imiwm :p; 
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Tablk 4. —Percentage of plants with l f 2, or 3 elongated internodes above the cole - 
optile node , and the average length of each internode, for several wheat varieties 
grown in Oregon under various conditions 


Item 


drown in field 
More, ltt.il 1 
federation 
Hafir t 

Hard federation 
d olden 
Km . 

Moro. 1933 * 
federation 
Ifjbrid 128 
Hio 
Oro 

Corvallis, 19 ti 
Oro 
Oolden 

drown in greenhouse 
Corvallis, 1933 
Federation 
* >ro 


C I 

! 

i 

Depth 
of seed 

First elongated 
| internode 

Second elongated 
internodo 

no 

Plants 

Length 

Plants 

Length 

4734 

Mm 

(A 

Pd \ 
UK) 

* 

Mm 

40 

Pet. 

28 

Mm 

14 

If.07 ! 

07 

100 . 

51 

20 

15 

4733 | 

fW» 

1(K) | 

54 

28 

12 

mm 

i 01 

UK) 

39 

20 

11 

10001 

00 

100 

4i 

0 

15 

4734 

02 | 

, 100 

75 

74 

11 

4512 

00 

1 100 

02 

70 

10 

10001 

OK 

1 100 I 

47 

27 

15 

8220 

os 

i UK) 1 

48 , 

; 

35 

15 

8220 

110 

100 1 


1 23 

23 

10003 i 

1 11.1 

UK) 

1 

' 00 

; 

04 

23 

4731 ^ 

1 

88 

1 100 

70 

or, ( 

17 

8220 

102 

100 

i 5 

50 

22 


Third elongated 
internode 


Plants Length 


Pd 


Mm 


* 11 
1 
1 
0 


0 

10 


6 

3 

4 

23 

14 

3 

I 

10 



4 


1 Seeded Ma> It and Julv 1, *200 plants of each \nret> were examined 

2 A hunt 100 plants of each varictx were examined 
*i plants had 1 elongated internodes each 


Table 4 also gives data recorded in 1933 at Moro and Corvallis, 
Oreg., relative to elongation of se(*ond and third internodes above the 
eoleoptile node. 

The tendency of wheat plants to elongate in two or three internodes 
has been observed under various conditions, but the elongation 
occurs more frequently in plants seeded deep or under high tempera¬ 
tures. 

In many varieties some plants were observed to form tillers from 
the axil of the eoleoptile. This tendency seems to vary with varie¬ 
ties and with environmental conditions, ruder certain conditions, 
as high as f>0 percent of the plants in some varieties developed a 
tiller from the eoleoptile node. It is possible for the eoleoptile tiller 
to continue growth after the main crown is entirely removed. The 
development of the eoleoptile tiller may he a distinct advantage to 
plants in recovering after the crown has been badly injured. 

About 200 plants each of 21 winter wheat varieties grown in field 
plots at Moro w^ero examined in the fall of 1934. The number of 
plants with eoleoptile tillers developed w T as recorded, and the results 
are given in table r>. Plants with eoleoptile tillers were more abun¬ 
dant in 1934 than in any previous year. The low T temperatures and 
slow r grow th of the varieties apparently were favorable to the forma¬ 
tion of eoleoptile tillers, as w as found by Taylor and McCall (15). 
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Table 5 —Percentage of plants mth coleoptile tiller* m 21 varieties of winter wheat 
grown from seed sown m field plots Oct 6 , 19S' h at Moro , Oreg 




Percentage of 



! Percentage of 



plants uith toleop 



plant 1 

N U It 11 4 

: oloop 



tilt tillers i 


( I 

tilt tillers 

\ ariety 

< I 




\ anetv 




no 

Not 
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\ter 

m 
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A\or 



23 

4 
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21 

4 


Iurke\ selection 

11425 

80 

8 r 

83 

Tlvbnd 128 

4 r 12 

52 

60 

5( 

Do 

10016 

6S 

81 

V 

II\ bnd 128 x White 





Blackhull 

6251 

64 

8( 

m r 

Odessa 

11607 

14 

75 

55 

Rex 

10065 

64 

84 

"4 

Rio 

10061 

P 1 

58 

55 

Marquis X Kanred 

11423 

(>0 

"7 

fy 

I urke\ selection 

1H24 

4 r 

01 

M 

Turkey (lot il) 

4429 

51 

75 

64 

Federation 

[ 4“’ 14 

18 

64 

1 

Ridit 

070.1 

54 

65 

60 

Oro 

8220 

41 

50 

50 

Kharkof 

K249 

51 

65 

59 

( hevenne 

888 r 

39 

51 

4 

1 urket 

1571 

V 

T3 

59 

F ort vfold X H \ bnd 128 

j 117(H) 

11 

4" 

4 

Kharkof 

1442 

V 

69 


Golden 

10061 

19 

48 

41 

1 nplet 

5408 

48 

6 r 

57 

F ort v fold X F odt ration 

821" 

28 

48 

18 


Based on 100 plants examined in each \ariet\ on nub du!< 


INFLUEN( E OF DATE OF srmiNC. ON DEPTH OF C KOWN 

Bn art and Federation spun" wheats wore sown at 10- to 15-da's 
intervals during the spnng and summoi of 1 ( H1 Kadi \ariot\ was 
seeded about 43 and 65 mm deep The depths of the downs foi the 
\arious seedings are shown in table 6 The crowns formed much 
shallowei duimg the suminei, when tempeiatuies woie high, than 
during the spnng or early fall, when lower temperatures pre\ ailed 
ltio and Golden winter wheats and Hard Federation spring wheat 
were sown on Novembei 2, 1030, and on se\eial dates in 1031 As 
shown m table 0, each of the three 'varieties had comparatneh 
shallow crowns except when sown on November 2, HH0, and March 
14, 10H, when temperatures were low 

Tabie 6 Depth of croun of uheal varuhts soon (it tarions d( pths on sit mil dotes , 
and avtragf atr U mpeiatvrth from setding to t m<k ofUr imirgnirt, at Moro 
Oreg , 19 10 11 


Date of sou mg 


Not 2 


1911 


Mar 14 
\pr 6 
Ma> 1 
Ma\ 14 
July 1 
Aug 2 
Aug 5 
Aug 16 
Sept 4 


Average 


Attrage 
air tt in 
Iieraturt 


Average 
di pth of 
trott ii 


\fm 


44 U 40 and Ml 
49 | 10 

58 I 2 2 

61 20 

6H 20 

m 15 

6H IK 

70 1 15 an<l 1 19 
58 1 19 and *22 


IX j»lh of troun of uhiaf vanetn s sown at indicated 
ateragt depth 


W inter \ me ti< s 


Rio 

(( r mm) 


Mm 


Ool len 
(61 mm) 


Mm 


22 j 
IK 

21 i 

26 I 


Hard 
Federn I „ 
lion | I 

(64 mm) 41 mm I « r mm 


spring van* tus 
Ilaart I file rut ion 

42 mm I 64 mm 


Mm 

24 


22 


Mm 


12 


II 

18 


20 


Mm 


Mm 


22 


Mm 


19 
14 
21 

20 

IK 

17 

21 

25 


* Baart and Federation 

* Rio. Golden, and Hard Federation 
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In 1(M four wheat varieties were sown at approximately 15-day 
intervals from July 2fi to November 2N. During this period daily 
maximum and minimum sod and u*r temperatures were recorded. 
The soil temperatures were obtained from a thermometer with the 
bulb placed about 2 inches below the soil surface. Shallow and deep 
seeditigs were made of each variety on each date. Table 7 shows 
the data obtained, including the depth of crown and seed for each 
variety under both shallow and deep sowing, and the average soil 
and air temperatures from date of seeding to 1 week after emergence. 

T\hi,k 7 Depth of crown of four wheat varieties sown shallow and deep on several 
(tales during the sumtmr and fall of li 0.W, and th< average mean air and soil 
tnnptratuns from sliding to 1 w<<k after emergence , at Moro, Oreg. 



| As in previous years, the (Towns of all varieties were much shallower 
’when sown during the warm summer weather. The crowns were 
deeper, especially in the winter wheats, from the seedings made in 
the period from September 20 to November 28, when temperatures 
were lower. In the first few seedings, crown roots started about 3 
to 4 weeks after seeding, whereas in the later seedings, a longer period 
was required before these roots started. 

IN FLOUNCE OF DEPTH OF SEEDING ON DEPTH OF CROW N 

Baart and Federation spring wheats were sown about 43 and (>5 
nun deep on April 12, 1931. The average air temperature from seed¬ 
ing to 1 week after emergence was 52° F. An examination of 250 
plants of each variety from each depth of seeding showed that the 
crowns averaged 25 mm in the shallow* seeding and 31 mm in the deep 
seeding. 

Four varieties of wheat were sown at three depths in the field at 
Corvallis, Oreg, on March 21, 1933. The average depth of the 
crowns of 150 plants of each variety at each depth of seeding is given 
in table 8. The difference in crown depth between shallow-seeded 
and deep-seeded w heat is show n in figure 2. 
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Table 8 — Depth of seed and crown in four what vanetus <town at time dipths in 
tht Juki at Cut vallis , Ong , Mar JI } 
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uiiiM tit pill 
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Ft dotation j 

11 \ Inul 128 

Oro 

Hio 


\\migt 


Mm 

\lm 

Min 

Mm 


Mm 

Shallow (Wmm) 

1K 

21 | 

2 r 


2) 

2« 

Medium ( r >9 mm) 

21 

2il 

2H 


28 

>- 

Deep (1()8 mm) 


HI 

r 

1 


tti 

\ \eruge 

24 

HI 

O 


a 1 




1 i< i itt 2 \ 141 iation in trowti dipth bttwet 11 shallow (W rum settlings of Oro wheat shown on th< 1<ft 
mi i deep (‘Hi min) settlings shown on tin right wlmh wort s*wn on Hit sum ilnlt Ih taunt ofutrlur 
timrMnte tin shallow siedtd winnt (Uft) is furl limit! vnruf d ingrowth 


In the stud} on the eflec t oi date oi seeding on down depth, made 
at Moio in 1 f )34, eadi \nnety was seeded at two depths, as already 
shown in table 7 In all cases the deep-seeded plants piodueed' 
downs deeper on an aierage than those seeded shallow The diilei- 
enee ranged from 5 to H> nun, and the a\erage depth of clown for all 
shallow-seeded plants in this stud} was 28 8 nun and for those seeded 
deep 34 5 nun 

('or relation coefhe rents between depth oi seeding and depth oi 
crown for Federation and Rio grown at Moro in 1032, are presented 
in table 0 A significant posit no correlation was found between 
depth of seeding and depth oi crown, especially with Rio, which 
downs much deeper than Federation 
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Table 9 

Correlation coefficients between depth of seed and depth of crown for 
Federation and Rio, grown at Moro , Oreg , 1932 


\ ariety Depth of sowing 

Plants 

Correlation 
coefficient 
between 
depth of 
seed and 
depth of 
crown 

>< It ration 
Do 

Kin 

Do 

Shallow 
j Deep 

Shallow 
| Deep 

Number 
109 
105 
51 1 
228 

0 307+0 088 
450+ 077 
671+ O'*) 
520+ 049 


Vdditiouul rouelation coefficients were computed on part ol the 
matenal grown at Corvallis, Oreg , in 1933 The varieties weie 
separated into two groups, 1 e , those normally shallow-crowned 



J* i i hi* t 1 (T<it of rain during a dr> spring upon the crown root development of spring wheat (Baart) 
:»w n on Man h v IV M Plants ou the right wire dub on Ypnl 21 and those at the left on April 26 A 
ram of o 1 im It fell on \pril 24 Beuiuse of drj surface soil there were no crown roots prior to the light 
rain hut IM hour* af erward well-devt loped crown roots had formed 

and those normally deep-crowned The correlation coefficient be¬ 
tween depth of seeding and depth ol crown in 566 plants of the 
varieties, that normally ciown shallow was 0 753 ±0 013, and in 505 
plants of the a aneties that normally crown deep, it was 0.765±0 Oil 
The data show that there was a close relationship between depth of 
seeding and the depth at which the crown was formed 

\ ARIETAL DIFFERENCES IN TIME OF CROWN ROOT DEVELOPMENT 

Because of dry surface soil, spring wheats often do not form crown 
roots at Moro, Oreg (fig 3) Under these dry conditions, a vanety 
that begins growth of its crown roots sooner than another may 
have a distinct advantage 
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In the spring of 1931, and again in 1932, 50 plants each of the 
12 spring wheat varieties grown in the varietal experiment, were 
examined on four dates, at 2- to 3-dav intervals, to determine the 
percentage of plants on which crown roots were developing. The 
results, summarized in table 10, show that Federation and Onas, 
two liigh-yielding spring wheats at Moro, formed their crown roots 
somewhat earlier than did tho other varieties in the trial. 


Table 10. —Percentage of plants of 12 spring wheat varieties having well-developed 
crown roots early in May, when varieties were sown Mar. 11, 1981, and Mar . 29, 
1988, at Moro, Or eg. 
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i 200 plants of each variety. 


' In the spring of 1934 a more extensive study of this nature was 
made on 10 of the 12 spring: wheat, yarn ties already studied. On 
March 9 the varieties were seeded in field plots with a grain drill. 
Counts were made on four dates of the number of plants with crown 
roots. These counts are recorded in table 11. This experiment wus 
carried on under environmental conditions somewhat different from 
those in 1931 and 1932 in that the surface soil was so dry that crown- 
root formation was slow until after a rain of 0.3 inch on April 24. 
lip to that time, Pacific Blues tem and White Federation produced 
more plants with crown roots than the other varieties, as is shown 
in table 11 under date of April 21. After the rain, crown-root for 
mation was very rapid, and in the final examination of (500 plants 
Pacific Bluestem and Federation ranked first and second, as shown 
under date of April 20. The percentage of increase between the 
third and fourth dates is given in the last column and shows that 
the most rapid increase in crown-roof formation after the rain was 
in Federation. 
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T \HLh 11 Ptrctntagt of plants of 10 spring wheat varieties having w(Undeveloped 
crown roots on \pr Id, lb, dl, and lb, when varietub were sown on Mar 9, 1934, 
at Moro, Ortg 
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In tlu* lull ol 1934,200 plants each ol the 21 winter wheat varieties 
gfown m the varietal experiment at Moro, Oreg , weie exanuiHvl on 
two dates to determine the percentage ol plants with crown roots 
developing The results are given m table 12 It was lound, as 
would be expected, that the rapid-growing, less hardy types ot wheat 
(mined their crown roots more rapidly than did the slow-growing 
Tin key tv pes This suggests a possible leason why in some localities 
certain solt winter wheat varieties that grow rapidly in their early 
stages and have a firmer root anchorage are* better able to withstand 
injury from soil heaving than the slower growing, hardier Turkey 
tv pes 
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Further observations will he necessary before definite conclusions 
can he drawn as to the extent and importance of \anetal variation 
m time of crown-root development, but the observations already 
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made indicate that the time after emergence at which these roots 
form and the rapidity of their growth are varietal characteristics. 

DISCUSSION 

f The data presented in this paper and the results obtained by other 
investigators justify the conclusion that depth of crown is a varietal 
character in wheat. This character is greatly influenced, and 
varietal differences are sometimes obscured, by environmental condi¬ 
tions, especially soil temperature. No data were obtained on the 
influence of light on crown-root development, because no adequate 
light-control equipment was available. Light intensity may be a 
factor in influencing the position of the crown in a wheat plant, as 
indicated by Tavdar {14)> Fried berg (4), and others, but from the 
results reported in this paper it is believed that soil temperature* is a 
much more potent factor. 

The depth of the crown and the character of the crown-root grow th 
in the early stages of grow th of a wheat variety may ha\ e considerable 
effect on the extent of winter injury. Wheat varieties cannot defi¬ 
nitely be classified for hardiness, however, on crowning depth. 
Many factors are involved in winter hardiness, and depth of crown 
is only one. In two varieties otherwise equal in hardiness, the one 
with the deeper crown would be better able to withstand low tempera¬ 
tures. It has been observed that differences in winter killing in the 
same variety sown deep and shallow may sometimes be quite marked, 
if the variety is one that noimallv crowns deeply. Letter survival 
may be obtained from dec*]) seeding, because of the better protection 
to the crown or growing point. Of the wheat \arietics studied at 
Moro, Oreg., for crown depth, all of the leeper crowned varieties 
are of the hardy Turkey wheats except Oolden, which is only a 
moderately hardy selection from Ooldcoin. All of the loss hardy 
varieties, especially those with a spring habit of growth, had com¬ 
paratively shallow crowns. Depth of crown varied from 48 mm 
for Rio to 23 mm for Federation in one experiment and from mm 
for Yogo and Turkey selection (C. 1. lOOlh) to 28 mm for Federation 
in another. 

Ability to withstand low temperatures and winter injury from 
soil heaving may not be closely associated. A variety only mod¬ 
erately resistant to low' temperatures, with an early and vigorous 
root growth, is better able to withstand injury from soil heaving 
than a variety very resistant to low r temperatures but with less 
vigorous root growth in its early stages. 

Small differences were found in the crown depth of the spring 
wheat varieties studied, and differences were obsuved in the* time 
and rajpidity of crown-root grow tin The latter may be of importance 
in connection with the ability of varieties sown in flu* spring to 
establish an adequate root system before the surface soil becomes 
so dry as to inhibit root growth. Federation forms its crown roots 
more rapidly than do some other spring wheats under normal condi¬ 
tions; under dry conditions that inhibit crown-root development, 
Pacific Bluestem and White Federation appear to be able to make 
most rapid root growth. When sown in the fall, Fortyfold X Federa¬ 
tion (C. I. 8247) and Federation form their crown roots much more 
rapidly than do the Turkey wheats. ✓ 
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The date of seeding affected the depth of crown of wheat varieties. 
Crowns were formed near the surface when seeds were sown in late 
spring or summer, when temperatures were high, and deep when 
seeds were sown in the fall or winter, when temperatures were low. 
When sown during cold weather, normally deep-crowned varieties 
may form crowns 45 to 50 mm below the surface, but when sown 
during warm weather they may have crowns only 20 to 25 mm deep. 

The depth at which a w heat variety crowns may have an important 
bearing on the proper depth of seeding, a question of practical im¬ 
portance in the Columbia River Basin. The general recommenda¬ 
tions in the past have been to seed winter wheat shallow, especially 
when the seeding is done late in the fall, when soil temperatures are 
low. Seeding too shallow r , especially at early plantings, may result 
in more winter-lulling. From the results of these studies it seems 
that seeding winter wheat much less than 38 min deep would seldom 
be advisable. With favorable soil moisture and temperature con¬ 
ditions, winter wheat should be seeded from 51 to 64 mm deep, 
depending upon the variety. ^The best procedure would be to sow 
the seed at about the depth at which the crown would normally 
form, or slightly below'. Deep seeding under normal conditions for 
winter wheat may produce crowns that will average 13 mm deeper 
than those produced by shallow T seeding. 

Depth of seeding influences the position of the crown, but the 
correlation is not high enough to warrant extremely deep seeding, 
even in spring wheat, in order to have deep crowns. Seeding spring 
wheat early and too deep will delay germination, emergence, and 
early root development. For late sowing, when soil temperatures 
are high, deeper seeding of spring wheat is advisable in order that 
the crowns may form as deep as possible.' 

> SUMMARY 

The depth below’ the surface of the soil at which the crown is 
formed in wheat plants is influenced by variety, environment (es¬ 
pecially temperature), and depth of seeding. 

Varieties differ greatly in the depth at which the crown is formed. 
Winter varieties form crowns deeper than spring varieties and, in 
general, liardv winter varieties form crowns deeper than nonhardy 
winter varieties. 

Ijow' temperatures between seeding and emergence cause the plants 
to crown deeper than do high temperatures. 

Deeper seeding causes the crowns to be formed somewhat deeper 
but not in proportion to the difference in seeding depth. 

Wheat varieties also differ in the time at which crown roots develop. 
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CERTAIN INSECT VECTORS OF APLANOBACTER 
STEWARTI 1 

By F W. Pooh, senior t nlomologtsl, Division of (\ not and Fotagt Insects, Hun an 
of Entomology and Plant Quaranhnt , and Chakloitk Elliott, assonatt pa¬ 
thologist, Division ofViual Oops and Pistons, Burton oj Plant Indushg , l mttd 
Siatts Departmt nt of Agnculturt 2 

INTRODUCTION 

Bacterial wilt of corn (Zea maya L.) caused by Aplanobacter stemarti 
(E. F. Sm.) McC. was exceedingly destructive and more widely dis¬ 
tributed during 1932 and 1933 than during any previous time in the 
history of the disease. Since 1897, when it w T as first described by 
Stewart, it lias been studied by a number of investigators whose 
w r ork has pointed more and more toward insects as a means of dis¬ 
semination of the causal organism. Rand and Cash (7) 1 during 
1920-23 found that bacterial wilt could be transmitted from diseased 
to healthy corn plants by tw r o species of flea beetles, Cluietocnema 
pulicaria Melsh. and C. denticulata (111.), and by the spotted cucum¬ 
ber beetle, Dlabrotica duodecimpunctata (Fab.), hanoff (o) reported 
transmission from diseased to healthy plants by the larval stage 1 of 
the corn rootworm, Dlabrotica lonyicornis (Say), as it attacked the 
roots of young seedling corn plants. He also reported that the bac¬ 
teria of A. stewarti entered the corn plants through wounds made by 
white grubs, the larvae of Phyllophaya sp. feeding upon the roots in 
infested soil. A summary of this work, together with a brief review 
of the other literature on this disease, has recently appeared else¬ 
where ( 1 ). 

The results of experiments by pre\ious investigators on soil tians- 
mission of the causal organism indicate that transmission through the 
soil to uninjured roots of coni plants is exceedingly rare, if it ever 
occurs. Similar experiments by the wiiters have yielded only nega¬ 
tive results. Therefore special attention has been given to insects as 
vectors of the organism, and the evidence of insect dissemination, 
obtained largely during 1934, is presented in this paper. 

MATERIALS AND METHODS 

In order to determine the importance of insects in the overwinter¬ 
ing and dissemination of Aplanobacter rtewarti, insects commonly 
found on com during the growing season were collected from as many 
different localities and host plant#* as facilities for* their study would 
permit. Insect vectors of this bacterial organism were* determined 

1 Received for publication (><t i, I9W, issued \1a> 19.% 

2 The writers are indebted to Vine* II W'heeler and 1 W Scrivener, of the Bureau of Knlomolog:, and 
Plant Quarantine, I s Department of Agriculture, for much valuable assist mice with details of theexi>eii- 
mental work reported in this paj>er, also to II S Barber of the same Bureau for his aid in identifying 
Chartixnernn spp , and to O M Smith, of the Bureau of Plant Industry, X S Department of Apriculture, 
for see I of in bra 1 an I hybn 1 corn use 1 in the work 

J Reference is made by number (italu ) to Literature Cited, p 00H 
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by transferring various species which had been confined to infected 
com plants in various types of cages to healthy com plants in cages. 
Feeding habits and relative choice of host plants of the flea beetles 
(Clvaetocnema spp.) were studied by confining single individuals of 
these species to the plants for a definite period by means of spring- 
clip cages 4 (fig. 1). 

In order to determine which species of insects and what proportion 
of these contained Avlanobader stewarti under field conditions, many 
species of insects collected on or near infected com plants were dis¬ 
infected externally in a 4-percent solution of sodium hydroxide for 7 
minutes and then rinsed thorouglily in a 0.1-percent solution of hydro¬ 
chloric acid before being crushed in sterile beef peptone broth for 



Franc*. 1 — Cages used to confine single Individuals of Ct.aftocnrma spp, and other insects to leaves of corn 
and other plants These cages are often attached to broadleaved plants by means of the spring only 
hence the term, “spring clip cages “ 

plating. The percentile of individuals of any species of inseet carry¬ 
ing .1. stewartj was determined by plating from individual insects, 
previously disinfected externally and crushed in sterile beef broth in 
separate glass vials, 9 by 34 mm. Usually more than 100 individuals 
were tested in each experiment. A holder for the vials was made by 
borimr holes of the proper diameter and depth in a 1- by 4- by 12-inch 
board, in which the vials were placed in an upright position and 
numbered serially. 


«These cages were furnished by the Division of Truck Crop and Garden Insect Investigations of the 
Bureau of Entomology and Plant Quarantine * 
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Figure 2 — A, Cultures of Aplanobaettr ftewarti isolated August 8 , 1034, from Chaetocnrma pulicarta, 
colonies too small to be seen on this plate B, Small section of the plate shown in A, magnified 10 times. 
Photographed August 14,1034. 
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fit i r» i i Dilution plate (made from culture poured in figure 2 4) showing individual colonies of 
Iplanobacter steuartt H ‘■'inall section of the dilution plate shown in 4 magnified 10 times Photo 
graphfHl August 14 1034 
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Isolations of Aplanobacter stewarti from the broth cultures con¬ 
taining the crushed insect material were made by pouring plates in 
Difco beef peptone agar pH 0.7. The broth suspension was added 
to the first tube of agar and a dilution made from this. In most of 
the isolations of A. stewarti heavy seedings and practically pure 
cultures of the organism were obtained. On the first plate (figs. 2, 
A, and 3, A) the colonies were too abundant to be distinguished by 
the naked eye. On the second or dilution plate (figs. 2, 11, and 3, //) 
separate colonies 1 to 3 mm in diameter developed. Transfers from 
individual colonies of all isolations were tested for pathogenicity by 
the inoculation of susceptible corn plants under controlled conditions 
in the greenhouse (fig. 4). 



Hoi 4 \ portion of one bod in t he greenhouse showing Goldt. Han tarn sweet corn (Inbred 84HJ i 1 
fioin Glenn Smith) inor ulnted August - ,r > J0.il, with isol itions of iplanobachr *1 mart I from (\hatfo nnnti 
pnluann The large plants weie inoculated but arc free from the disease Photographed heptember 
11, 1031 

TESTS FOR TRANSMISSION BY INSECTS 

At Arlington Experiment Farm, Rosslyn, Va., during 1933 and 1934, 
adults of (\Itaetocnenia pulicaria (corn flea beetle), (\ dcnticvlafa 
(toothed flea beetle), and Diabiotica duodecimpunctata (spotted cu¬ 
cumber beetle) were used successfully to transmit the bacterial will 
organism from diseased to healthy corn plants under controlled 
conditions. F. F. Dicke, of the Bureau of Entomology and Plant 
Quarantine, who was assigned to this project for a few months during 
1933, obtained direct transmission of the disease from diseased to 
healthy corn plants by means of adults of the flea beetles (\ pulicaria 
and C. denticulata. During January and February 1934 transmission 
from diseased to healthy plants was similarly effected by means of 
adults of the spotted cucumber beetle, J). duodeciwpunctata . 5 The 
adult beetles were confined to com plants, which were grown in 8-inch 
flowerpots, by means of cheesecloth-covered cages 2 by 2 feet by 2‘. 
feet in height. A fcw r attempts to transmit the disease from infected 
to healthy corn plants by means of the larvae of this beetle yielded 

4 These adults were kindly supplied b\ Charles h Smith, m < harge of a laboratorj of the Bureau of 
Entomology and Plant Quarantine at Baton Rouge, La 
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only negative results. The bacterial wilt organism was isolated in 
pure culture from the plants infected by these beetles. 

Other insects were tested in a similar manner to some extent during 
the summers of 1933 and 1934, and only negative results were obtained. 
The adults of these species were confined to diseased corn plants for 
several days and were then transferred to healthy plants in various 
types of cages and under a wide variety of conditions. The list of 
species is as follows: 


Vkaetoennna confirms Crotch 
Emfwaned /abac (Harr ) 

Ijyguts pralensis (L.) 

Xabiti ferns (L ) - _ 

Systran tacniala blanda (Melsh ) 
ChlorotcttiT vindius Van I) _ 
Erratomrgilla f uscilabris (Mills ) 
Tkyanta cuslalor (Fab ). . 

/ *hlepsi us irrorat us (Say)_ 

Mrlanoplus differentialis (Thos.) 
('icadula divisa (Uhl.; __ 
Hehnthrips jevioralis Rout 
Halite us dirt (Ashm.) _ 


Sweetpotato flea beetle (a. n o.). , » 
Potato leaf hopper (a n. o ). 
Tarnished plant bug (a. n. <>.). 
Nabid bug. 

Pale-striped flea beetle (a n. o ). 
I^af hopper. 

Spotted ladybird 
Pentatomidae (stmkbug family). 
Irrorate leaf hopper. 

Differential grasshopper (a n o). 
Si\-spotted leafhopper (a n. o.). 
Thrips. 

Garden flea hopper (a n. o). 


The species of insects which have given positive results in the 
transmission of the wilt organism from diseased to healthy confidants 
seem to he unequally endowed with the ability to induce infection. 
In the light of information now available it seems that (Vtaetocnema 
pulicaria , C. denticulate , and Diabrotica duodecimpunctata transmit 
the disease with facility in the order named. Many more lesions 
developed from feeding injuries of (\ pulicaria than from those of the 
other two beetles. (\ pulicaria also occurred in much greater abun¬ 
dance on corn throughout the season at Arlington Experiment Farm 
than either of the other two species. 


OVERWINTERING OF APLANOHACTER STEWARTI 

During April 1934 the beetles (liaetocnema pulicaria and C. denti¬ 
culate , wilieh had hibernated as adults, were collected from orchard 
grass (Dactylis glomerate L.), rye (Secale cereale L.), and alfalfa 
(Medjcago satira L.) at Arlington Experiment Farm and tested (as 
described under Materials and Methods) for the overwintering of 
Aplanobacter utewarti. A brief report on these studies has already 
been published (^). Comparatively few' (\ denticulate were available 
for this purpose and no w ilt organisms w ere obtained from this species. 
(\ pulicaria was fairly abundant, and, at first, collections of 100 or 
more were crushed together in one lot of broth. After large numbers 
of colonies of .1. steuwrti had been secured in practically pure culture 
from four such collections of these insects, 175 (\ pulicaria collected 
from several different species of host plants were crushed individuals, 
each iu about 10 cc of the broth, in order to determine approximately 
w r hat percentage of these beetles harbored the organism over winter. 
These tests indicated that approximately 19 percent of the beetles 
contained the organism in abundance. In the case of 100 C. pulicaria 
collected from alfalfa on April 30, one isolation was made from the 
abdomens and another from the heads and thoraxes. Heavy seedings 


• Americano noraina officinale, 1 e., common name accepted b> the \mencan Association of Economic 
Fntomologists. 
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of A . stewarti were obtained from both. On May 1, 1034, two isola¬ 
tions were made from each of six adults of C. pulicaria collected 
from orchard grass, 
one isolation from the 
abdomen and one 
from the head and 
thorax. A heavy seed¬ 
ing of A. stewarti was 
obtained from the 
abdomen of one of 
these six flea beetles 
and a lighter seeding 
from the head and 
thorax of the same 
beetle. 

As a f urther proof of 
the overwintering of 
Aplanobacter stewarti 
within the corn flea 
beetle, healthy corn 
plants in the green¬ 
house were infested 
for several days with 
other adult beetles 
from the collections 
referred to. Typical 
symptoms of bacterial 
wil t developed in these 
plants (fig. 5), and -1. 
stewarti was isolated 



from them 
culture. 


ill pure Fiuvm 5 -Sweet-corn plant inoculated with Aplanobacter nttwurti 
1 by coil tin inn overwintered adults of Chadocnimu pnluana to it for 

a few dti>s during \pril MlU 


INSECT VECTORS OF APLANOBACTER STEWARTI IN THE FIELD 
DURING THE GROWING SEASON OF CORN 

Isolation of Aplanobacter stewarti from externally sterilized insects 
was continued throughout the summer and fall to determine what 
percentage of the Ckaetocnerna collected from different host plants 
and localities were infested and to learn whether other insects also 
were concerned in the transmission of this disease under favorable 
field conditions. The results of this work are summarized in table 1. 

Most of the insects collected were taken from or near rorn infected 
with the disease during the active growing season. Tins fact explains 
the small numbers used in the case of several of the species tested, as 
they were found only occasionally on corn. In the case of Ckaetocnerna 
pulicaria and C. denticvlata, the figures in the table include all 
individuals of these species from field collections which wore tested, 
and also those used in the studies on overwintering of the organism 
within the insects. In several instances collections of these species 
were made from field corn at some distance from any known source 
of the disease in order to compare the results obtained with those of 
collections from or near infected corn. In several cases single cultures 
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represented many insects, sometimes over 100, instead of only single 
individuals. 

Tabi-l 1 - Summary of insects collided w the field and cultured for Aplanobacter 

s t( warily 1934 
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All of the insects tested, except the aphids and one lot of tlirips, 
were sterilized externally before being crushed in the broth for plating. 
Samples of material from the collections of the various species used 
for isolations were referred to taxonomic specialists in the Bureau of 
Entomology and Plant Quarantine for identification 7 

As indicated in the last column of table 1, isolations of Aplanobacter 
sleuvrti were obtained under these conditions fiom the following 
oight species* Chuetocnema pulicaria , C. dentxculata , C. confinls , 


This assistanoe is hereb\ gratefullv acknowledged 
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Disonycha glabrata , Stilbus apical is, Kuseel is bicolor , ThamnoUttix 
nigrifronx, and Illinoia solanifolii. From all of those, except the 
('haetocnema spp., *1. stewart i was obtained in only a single instance 
However, only small numbers of each of these species were taken 
directly from infected corn. Additional work is therefore necessary 
to determine the importance of these species as vectors of this or¬ 
ganism. The effective isolation of A. stewarti from 7. sola nifolii was 
obtained from a lot of 4cS individuals collected from infected sweet 
corn at Burlington, N. J , on July 17. 

It is possible that the positive results obtained with (haetocnema 
confinis may be due to mistaken identification, because the external 
characters given for distinguishing this species from (\ pulicaria are 
probably not entirely reliable, and the w T hole genus appears to be 
greatly in need of a taxonomic revision. It is also very difficult to 
identify specimens of these species in a living condition because of 
their extreme activity. In some cases these insects were placed on a 
small cube of ice under the binocular microscope in order to separate 
the species from each other in a living condition. This method was 
not always satisfactory because iti hot weather a film of moisture soon 
appeared on the thoraxes of the specimens and prevented a clear 
examination of the punctation there. 


Tabus 2- Pnctntngt of ('luuloctu mn fiuhcaua luftslttl inlh Aplonohaitn 
stimuli at Arlington Kxfn nun nt Ftmn , tfhH 
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As reported in table 1, 4,790 specimens of Clnietocnf mu pulicaria 
were collected from 12 different host plants and from 29 localities 
during 1934. Of the 3,360 isolations made from this species, 916 
yielded colonies of Aplanobacter etewarti, and tram bus from these 
colonies produced typical wilt symptoms on young corn plants in the 
greenhouse. The host plants from which these ('. pulicaria were 
collected were sweet corn, field corn, black bindweed {Polygonum 
couvolruluu L.), alfalfa, young wheat (Triticum acetic am L.), Sudan 
grass (Sorghum rulgare eu/lanenee (Piper) 11itchc.), Johnson grass (Sor¬ 
ghum halepenee (L.) Pers.), tomato (Lycopereiam esculeriturn Mill.), 
oats (Arena eatira L.), cow pea (Yigna eineueie (L.) Endl.), yellow 
bristlegrass (Setaria luteecene (Weigel) F. T. Uubb), sedge grass 
(Cyperue sp.), and weeds. The total of 908 adults of ('. pulicaria 
collected from sweet corn at Arlington Experiment Farm during the 
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period Mny 14 to September 19 yielded an average of 40.3 percent 
infested with the wilt organism. Of the 669 adults of C. pulicaria 
collected irom various other host plants (including field corn) during 
the same period at Arlington Experiment Farm, 12.1 percent were 
infested with A steuwli. The results of tests with C. pulicaria 
collected at Arlington Experiment Farm during 1934 are presented 
in table 2. 

The maximum proportion of Chaetocnema pulicaria from field col¬ 
lections found to contain Aplunobacter steward w as 75 percent. The*e 
beetles were collected from infected sweet corn duly 9. 

Collections of Chaetocnema pulicaria from various localities have 
shown varying percentages of beetles which yielded the wilt organism 
when cultured m the usual manner. The results of these studies are 
given in table 3 
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NUMBER OF INFESTED BEETLES LATE IN THE FALL 

During the period of October 2 to November 22, several tests with 
beetles, in\olving 6S4 adults of Chaetocnema pulicaria , 39 of C. 
denticulata , and 48 of Diabrotica duodecimpunctata , were made in an 
effort to determine the percentage of these beetles that contained the 
bacterial wilt organism late in the fall of 1934, when they were 
about to hibernate. It was not always possible to obtain material 
for this work from areas immediately adjoining fields that had con¬ 
tained much of the disease during the previous summer. No Aplano- 
hacUr steicarti w r as isolated from C denticulata and I), duodecim¬ 
punctata. Of the 684 adults of C pulicaria tested, 90, or 13 1 percent, 
of the cultures yielded positive results. This probably was repre¬ 
sentative of the number of adult beetles of this species harboring 
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A. stewarti at this time. The collections of C. pulicaria used for 
these tests and the percentages know n to harbor A steuxirti were as 
follows: Of 317 from Arlington Experiment Farm, 8.5 percent 
yielded .1 stewarti , of lt>0 from Atchison County, Kails., 4.3 percent; 
of 110 from Platte County, Mo., 10.3 percent; and of 97 from Madison 
County, 111., 39.1 percent. 

HOST PLANTS OF APLANOBACTER STEWARTI 

Until recently the only known host of the bacterial wilt organism, 
Aplanobader stewarti , was the com plant. This organism attacks 



F,M Rt b —Golden Hantam sweet corn leaves showing three stages in the development of bacterial wilt 
lesions developing from insect feeding injuries A, Feeding injuries and beginning lesion , feeding 
injuries and young but well-developed lesions, (, old lesion* 

several kinds of corn, but the most susceptible host is sweet corn 
(fig. 6). During September 1934 natural infection with A. stev)artt was 
found on teosinte ( Euchlaena mexicana Schrad.), under field condi¬ 
tions at Lanliam, Md., and at Arlington Experiment Farm, Va. 
Infected plants were from seed from Florida and Guatemala. The 
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Fn.i rk : 


~ Natural infection with Aplanabucter sieuarh on leases of teosinte (Euchlatna mcitcan ) crown 
at Lanhani, Md., from Honda seed Photographed Septemlier 6, in.14 
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lesions were similar to the leaf lesions on corn, hut more limited than 
those occurring on susceptible emetics of corn Isolations irom 
these leaf lesions gave pure cultures of the typical yellow bacterium 
that produced wilt symp¬ 
toms on Golden Bantam 
sweet corn in the green¬ 
house. A culture of A. 
stewarti isolated from the 
flea beetle Chaetocnema pul - 
icuria produced long wilt 
lesions on teosinte leaves in 
the greenhouse and killed 
the plant. Adults of C pul - 
icaria } transferred from dis¬ 
eased corn to teosinte, pro¬ 
duced wilt infection (fig. 7), 
and the wilt organism was 
reisolated in pure culture. 

Attempts to inoculate 
other plants, some of which 
are closely related to corn 
botanically, with pure cul¬ 
tures of *1. stewarti by 
means of needle scratches 
and punctures, as well as 
by the feeding of adults of 
(\ pulicaria which previ¬ 
ously had been confined to 
diseased corn for a period 
of 5 days or longer, resulted 
in a failure to produce 
symptoms of the disease in 
any of these plants. The 
following species of plants 
were used in these studies: 

Goosegrass (Kievsine indica 
(L.) Gaertn.), smooth crab- 
grass (Digitaria ischaemvm 
(Schrcb.) Muhl.j, eastern 
gainagrass (Tripsacvm dac¬ 
tyl aides (L.) L.), straw- 
colored cyperus (Cyperns 
strigosus L.), two varieties 
of sugarcane (Saccfcaruw 
officinarum L.), Kimpan rye 
{Secale cereale L.), wheat 
(Triticurn aesthrum ), Sudan 
grass (Sorghum vulgare sv- 
danense ), Johnson grass 
(Sorghum halepense ), or¬ 
chard grass (Dactylis glow - 
erata L.), Kentucky bluegrass (Poa pratensis L.), and yellow bristle- 
grass (Setaria luiescens). More recent needle inoculations with cul¬ 
tures of A. stewarti have produced typical bacterial wilt lesions in 
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the leaxes of jobs-tears (Coix sp.), and the wilt organism has been 
reisolated in pure culture from this plant. Jobs-tears has also been 
inoculated with .1 *tewarti (fig. 8) by means of adults of C. jmlicaria 
which had been transferred from infected corn to this plant. 

HABITS OF CHAETOCNEMA SPP. 

CHAETOCNEMA PULICARIA MELSH. 

('haetocnana pitlicaria was reported as early as 1891 by Forbes (3, 
]>. Hi) as se\erely injuring corn in Illinois, and the injury described 
on corn strongly suggests the presence of bacterial wilt, which was 
unknown at that time. This insect has attacked corn in injurious 
numbers frequently enough to be know T n commonly as the corn flea 
beetle. It hibernates in the adult stage and becomes active on warm 
days early in spring when the air temperature reaches approximately 
70° F at the surface of the soil. In 1933 adults of this species were 
first collected at Arlington Experiment Farm on April 2, and in 1934 
on March 21. The adults attack the young corn as soon as it appears 
above the surface of the soil. The immature forms of this species 
probably develop in the soil, although they have not been definitely 



1 k.i ke fl feeding by one adult of Chaetocnema puluarta for J4 hours on sweet corn ( 1), Johnson grass ( li), 

and ( yptrus sp (O 


identified in nature. The species is very small, the adults being 1.5 
to 1.8 mm in length. They live for many months, are very active, 
and feed upon a wide variety of plants. Some adults have lived in 
the greenhouse at (>5° F. from October to April. A few specimens 
passed through their life cycle on bluegrass in the greenhouse during 
the winter of 1934-35. 

This species has been reported from most of the United States except 
the Northwest. Attempts to verify records of the reported occurrence 
in California have thus far been unsuccessful. Reports of the disease 
in California, therefore, suggest an insect vector other than those 
named in this paper, possibly the desert corn flea beetle, Chaetocnema 
ectypa Horn. Unpublished records on collections of insects made by 
airplane at Tallulah, La., by P. A. Glick during 1928-31 and made 
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available by him through the Division of Cotton Insect Investigations, 
Bureau of Entomology and Plant Quarantine, revealed the presence 
of C. pulicaria at altitudes ranging from 20 to 5,000 feet. This species 
was collected by airplane during nearly every month throughout the 
year at Tallulah. These data indicate that "the species probably mi¬ 
grates or is carried in air currents for considerable distances, lii two 
trap lights operated at Arlington Experiment Farm from May 6 to 
June 22 and from September 12 to December 5, 1934, one adult of 
C. pulicaria was collected November 3. The extreme activity of this 
insect was evidenced by the difficulty experienced in confining adults 
within cheesecloth cages even when a very fine mesh cloth was used. 
Field cages covered with similar cloth and used to exclude insects 



Figure 10 -Feedingbj adults of Chactocnema pulicaria on rye (s4},tPostntP U'uchlacna me teana) (ii), and 
eastern gamagrass (Trtpaacum dactyloultn) {(') 


from hills of corn did not exclude this species unle* the tacks holding 
the cloth were supplemented by strips of molding- From a collection 
of 50 adults of C. pulicaria taken from such cages on August 7, 34 
(or 68 percent) yielded Aplanobacter stewarti, 'while a collection of 66 
adults taken from Sudan grass at some distance uway in the same 
field on the same afternoon yielded A. stewarti in only 8 instances. 

The feeding habits of this species were studied on several host plants, 
and the amount and type of this feeding on the leaves of six species of 
plants are illustrated in figures 9 and 10. When the beetles were con¬ 
fined to corn in small cages, there was no apparent choice between 
feeding on the upper or on the lower surface of the leaves. In the 
field most of the feeding appeared to be on the upper surface. In 
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feeding, the adult always assumed a transverse position oil the leaf 
and moved sidewise as it fed. It eats through to the epidermis on 
the opposite side and leaves a more or less transparent injury running 
parallel to the veins and appearing as a short, narrow, comparatively 
straight, white line. 

Forty preliminary tests w ere made to determine the number of hours 
of feeding required for an adult of ('haetocuema pullcaria to inoculate 
healthy corn with the bacterial wilt organism, after it had fed at least 
:> days on infected corn. Only negative results were obtained. These 
tests were carried on in the greenhouse in October 1984. Individual 
adults of (\ pullcaria were confined to the leaves of corn plants in 
spring-clip cages (tig. 1) as follows: 10 for 2 hours, 10 for 0 hours, 10 
for S hours, and 10 for 24 hours. Feeding apparently occurred in a 
normal manner and the plants grew' slowly but normally; however, no 
lesions of the disease appeared on these plants. 



I'n.i Kh It Fi'Hunr b\ ono H.lult of (’hatiacm mu dniticululn for 24 houiv on svu*t»t corn ( 0. Johnson 

grass (/<), imri ( yprrwt sp {(') 


OHAKTOCNKMA OKNTICULATA (ILL) 

The adults of Chaetocimua denticulata are larger than those of 
(\ pullcaria , ranging from 2.8 to 2.S mm in length. Under field 
conditions at Arlington (Experiment Farm during 1984 the species 

1 Hissed through at least two complete generations on Johnson grass. 
?or the most part it was not so abundant as was (\ pullcaria and 
fed much less on corn. The life cycle of a few individuals was com¬ 
pleted under controlled conditions and extended over about 1 month. 
Under field conditions the eggs were found at the base of its host 
plant near the surface of the soil. The half-grown to full-grown 
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larvae are commonly found feeding on the tender unfurled leaves 
or on the developing seed head of Johnson grass. Pupation takes 
place in the soil, and the species overwinters in the adult stage. 
Feeding injuries on corn and Johnson grass are similar to those 
described for C. pulicaria , except that the green areas removed from 
the leaves are wider (fig. 11). The method of feeding appears to be 
identical with that of (\ pulicaria. 

CH\ETOCNEMA CONFINIS CROTCH 

Chaetocncma con finis has been reported as causing injury to corn 
similar to that caused by C. pulicaria (4 , pp . 110-111). The present 



Fiot ki* 12 -Feeding injuries of Chaetoauma confinis to sweetpotato leaf. Note irregular paths of feeding. 

writers’ observations do not (Confirm this, although (\ confinis , 
commonly known as the sweetpotato flea beetle, has often been 
collected on corn and Sudan grass when growing in proximity to 
convolvulaceous plants. A small number of feeding tests on corn 
under controlled conditions revealed no feeding injury in any way 
similar to that of (\ pulicaria or (\ dentiemata. The adults of 
(\ confinis appeared to die prematurely when confined to corn. On 
the other liana, the adults lived for long periods and fed considerably 
when confined to sweetpotato plants (fig. 12). This is an additional 
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reason for believing that the isolations of Aplanobacter steward 
obtained from ('. confaiis, as reported in table 1, may be due to 
misidentificntion*. of the closely related species used. 



■rn.ss:",' 


DEVELOPMENT OP LESIONS ON CORN 

On August 17, 1933, a number of lesions of bacterial wilt, which 
started on the leaves of the com at feeding places of flea beetles, 



Apr is, i93fi Certain Insect Vectors of Aplanobacter stewarti 603 

were measured to obtain definite data on the development of these 
secondary infections under field conditions on Golden Bantnm corn 
grown from seed obtained from several localities The lesions were 
marked with india ink, and each leaf was identified by means of a 
linen tag. Unusual, almost continuous, rainfall on August 21, 22, 
and 23 (5.88 inches on Aug. 23) interfered with making the measure¬ 
ments as planned. The final measurements were made August 2(5, 
and the results, presented in table 4, indicate the rapid de\elopment 
of the lesions. 

Table 4 Development of hsions of Aplanobactn stnraiti follomnq fading In/ 
Chaetocnuna pulicana on haves of Goldin Bantam corn at \ihngton kxptnmnit 
Farm , 19,1,1 
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It will bo noted from table 4 that the average increase m length 
of lesions in four lots during a 9-da> period \ aried from approximately 
10 to 14 times the original size 

During 19114 a few similar measurements were made ol lesions on 
leaves of a susceptible variety of corn, and four photographs were 
made of what appeared to be a topical lesion as it developed in the 
field (fig 1)1) Tbo measurements of this lesion are given in table f> 
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1 1 he lesion was photographed on Aug J, (>, 10 and 1l On Aug 17 the lesion coilesced with others. 


MAXIMUM INFESTATION OF CHAETOCNEMA PT’UCARIA AND 
C. DENTICULATA BY APLANOBACTER ST-EWARTI 

Tests wore made to determine the percentage of adults of Chaetoc- 
netna pulicaria from which Aplanobacter stewarti could be isolated 
after being confined to infected corn in cages in the outdoor insectary 
for a minimum of 5 days. These insects were sterilized externally. 
The results are shown in table 6. 
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Table 0 Percentage of Chaetocnema pulicarw containing Aplanobacter stewarti 
after confinement on infected corn for S days , 1934 


Date cultured 


A 1I|T X 
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^'pt * h 
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It will be noted from the table that only from 30.7 to 68 percent, 
or an average of 55.6 percent, of the adults of Ohaefocnema pvlicaria 
yielded Aplanobacter stewarti in these tests, even after these beetles 
had been confined to infected corn in cages for a minimum of 5 days. 
Another lot of 78 adults of (\ pvlicaria, tested at the same time by 
placing the surface-treated uncrushed insects on agar plates, yielded 
no colonies of A. stewarti. Of most interest in these latter tests was 
the fact that some of these beetles survived the entire prdfcess. Of 
23 adults of C. denticulata confined to infected corn in cages for a 
minimum of 5 days, 11, or 47.8 percent, yielded colonies of A. stewarti. 
These percentages of beetles containing the wilt organism are unex¬ 
pectedly low when compared with a maximum of 75 out of 100 adults 
of ( \ pitlicaria that were found to contain A. stewarti w r hen collected 
from plots of infected sweet corn under field conditions July 9, 1934, 
at Arlington Experiment Farm. 

RETENTION OF APLANOBACTER STEWARTI BY THE BEETLES 

Two series of experiments were conducted with Chaetocnema puli- 
caria and (\ denticulata in order to determine how long adults of 
these beetles remained infective after being confined in cages for 
5 days or more with diseased plants. The plants placed in the 
test cages were replaced by other healthy plants at intervals of not 
more than 5 days in order to prevent the possibility of the beetles 
becoming reinfected from the plants which they had inoculated. 
This possibility was considered very remote because of the slow' 
development of the wilt symptoms under the conditions of these 
experiments. In both series of experiments the beetles of each lot 
apparently remained infective for approximate^ the entire period 
of their life. 

In tests conducted in 1933 it was noted that some specimens of 
Chaetocnema pitlicaria remained infective for a period of 22 days, 
i. e., they were able to inoculate susceptible sweet corn with the 
organism 22 days after having fed on infected com. This observation 
suggested the tests made with overwintered adults in April 1934 
which led to the discovery that Aplanobacter stewarti overwinters in 
the bodies of these flea beetles. 

Tests made during 1934 indicated that one lot of 25 adults of 
Chaetocnema denticulata inoculated healthy corn plants with Aplano¬ 
bacter stewarti from September 14 to October 20 inclusive (all of 
these adults died by Nov. 14), or for a period of at least 37 days. 
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In similar tests with a lot of 25 adults of C. pulicarla , healthy com 
plants were inoculated from September 26 to Novembor 18 inclusive 
(all of these adults died by Nov. 20), or for a period of at least 49 
days. Similar tests made with adults of Diabrotica duodechnpunctata 
during February 1934 indicated that the adults of this species were 
able to transmit the bacterial wilt organism from diseased to healthy 
corn plants after being removed from the diseased plants from 5 
to 9 days. Externally sterilized adults of this species which, after 
feeding several days on infected corn plants, had fed on healthy 
plants 0 and 15 days, respectively, did not yield the wilt organism 
when crushed in sterile beef peptono broth and plated in the usual 
manner. 

BACTERIAL WILT AND ITS INSECT VECTORS IN RELATION TO 
WINTER TEMPERATURES 

The association of warm winters with outbreaks of bacterial wilt 
has frequently been commented upon. Stevens 8 concluded that 
when the average winter temperatures are high, bacterial wilt has 
shown a tendency to increase, and vice versa. He reported that no 
obvious relation appears between the incidence of the disease and the 
total rainfall during any season, nor between the incidence of the 
disease and the temperature during spring, summer, or fall, although 
he stated that one may well exist. He established temperature 
indices for the winter months (sum of the mean temperatures of 
December, January, and February) and according to the data pre¬ 
sented suggested that the disease will usually be absent in the North¬ 
eastern States following a winter with an index below 90° and present 
in destructive amounts following a winter wi*h an index above 100°. 
The unusual abundance and distribution of ibis disease from 1929 to 
1933 followed a series of mild winters. The amount of bacteria] wilt 
in 1934 was much reduced following the low temperatures of the 
previous winter. This was particularly true in eastern New' York 
and in Now r England, where the known insect vectors were almost 
entirely absent during 1934. The relationship of winter temperatures 
to the abundance and distribution of the insects which overwinter 
and transmit Aplanobacter stewarti may be very significant and has 
received some attention. ('haetocnema pulicaria was not found 
abundantly north of central Pennsylvania during 1934. A. st< warti 
was isolated from this insect from all localities where this beetle was 
found abundantly. 

The effect of the extensile use of resistant varieties of sweet corn 
on the amount of bacterial wilt is a factor that should not be over¬ 
looked in predicting abundance of this disease. Tin problem is 
doubtless further complicated by lack of information on the abun¬ 
dance of the insect vectors in whichMhe organism of the disease over¬ 
winters. The relative abundance and infectivity of the hibernating 
insect vectors may be of extreme importance in predicting the 
appearance of bacterial wilt of corn in destructive abundance. 

DISCUSSION 

Since Aplanobacter stewart! has been known to overwinter in seed 
only to a limited extent (2 to 13 percent) and there is no direct 

• 8TKVENS, N E MTtWART’8 lUSI-ASE IN REIATION TO WINTER TEMPERATI HEN l S Dept, Agr , 
Bur. Plant Indus Plant Disease Kept* 1H 141-140, Ulus 19.M [Mimeopraphed J 

B4WJ4- 
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evidence of its overwin ferine in naturally infested soil in the field, 
the finding of this organism overwintering in a virulent condition in 
the corn flea beetle, under natural conditions, offers a satisfactory 
explanation as to the source of early spring infections. Furthermore, 
the high percentages of beetles infested with the organism throughout 
the corn-growing season readily account for the midseason spread 
of the disease. 

The problem of determining the part played by insects in the 
overwintering and dissemination of bacterial wilt of corn is a very 
large one. Neiswander ((>), in his paper on the sources of American 
corn insects, reports that 352 species of insects have been recorded in 
the literature as attacking the corn plant. He suggests that some of 
these records are probably obsolete and have never been verified by 
later observations. However, he lists 166 species as significant corn 
insects. How many of these may be carriers of the wilt organism 
remains <0 be determined. Isolations for Aplanobacter stewarti were 
made during 1934 from 40 species of insects belonging to 33 genera. 
Eight species representing six genera yielded A, stewarti. Only the 
corn flea beetle (Chaetocnema pulicaria) and the toothed flea beetle 
((\ <1enticu!ata) appeared to be of importance in the dissemination 
of the disease. Much further work is necessary in order to clttermine 
whether the other six species involved are normally vectors of A. 
stewarti. 

Transmission of bacterial wilt from infected to healthy corn was 
effected by means of adults of the spotted cucumber beetle (I)iabrotica 
duodecim punctata), but none of the 17S adults of this species collected 
throughout the season under field conditions yielded Aplanobacter 
stewarti. 

Collections of Chaetocnema pulicaria from or near plantings of 
sweet corn at Arlington Experiment Farm at intervals of 7 to 14 days 
yielded an increasing number of isolations of Aplanobacter stewarti up 
to July 9, on which date a maximum of 75 out of 100 individuals 
yielded this organism After this date the number again decreased. 
The maximum proportion of C. pulicaria that yielded A. stewarti 
after being confined to infected corn in cage's for at least 5 days was 
68 percent, and the average of the 342 such beetles tested was 55.5 
percent. It seemed that this percentage should ha\e been higher 
under these circumstances. The isolations of A. stewarti obtained 
from (\ pulicaria collected from sweet corn at Arlington Experiment 
Farm during the period May 14 to September 19 averaged 40.3 
percent, whereas similar collections from other host plants (including 
field corn) during the same period yielded an average of 12.1 percent. 
In collections of C. pulicaria from various localities throughout the 
season of 1934, from 0 to 75 percent of the individuals in each collec¬ 
tion yielded A. stewarti . 

Very rapid de\elopment of lesions of bacterial wilt following feeding 
on the corn leaves by the corn flea beetle was observed under field 
conditions. The average increase in length of lesions in four lots 
during a 9-day period varied from approximately 10 to 14 times the 
original size. The increase in size of the wilt lesions was greater on 
the Golden Bantam corn grown from seed produced in Oregon and 
Idaho than on corn grown from seed produced in wilt-infected areas. 
Plants produced from seed grown in a section where the disease 
does not occur are often more susceptible to bacterial wilt than arc 
plants from seed grown in wilt-infected areas. 
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SUMMARY 

Bacterial wilt of corn is not transmitted through the soil; this 
finding confirms the results obtained by earlier workers. 

Direct transmission of bacterial wilt from infected to healthy corn 
was effected by means of three species of beetles, Chaetocnema puli - 
caria , C . denticulata , and Diabrotica duodecirnpunctata , thus verifying 
earlier work of this type. Similar tests with 13 other species of insects 
yielded only negative results. 

Aplanobacter stewarti was found to pass the winter in a virulent 
condition in the bodies of the hibernating adults of the corn flea 
beetle, Chaetocnema pulicaria. Approximately 10 percent of 175 
of these overwintering beetles which were tested during April 1034 
yielded A. stewarti. Young corn plants are inoculated with bacterial 
wilt in the spring by the feeding of these beetles, and this appears to 
be the chief source of early infection each year. 

A total of 7,338 insects, representing 40 species in 33 genera, col¬ 
lected on or near corn infected with bacterial wilt, during the corn¬ 
growing season in 1934, w T ere tested for the presence of AplanobacUr 
stewarti , and eight species yielded this organism. A total of 3,077 
isolations were made, 1,464 of which were suspected of containing 
*1. stewarti and were tested by inoculation on corn, 053 yielding positive* 
results. 

Of 008 adults of Chaetocnema pulicaria collected from sweet corn 
at Arlington Experiment Farm, during the period May 14 to Septem¬ 
ber 10, an average of 10.3 percent yielded Aplanobactir stewarti , 
whereas of 069 adults of t Ik* same species collected during the same 
period from various other host plants (including field corn) at the 
same place an average of 12.1 percent gav< A. stewarti. The maxi¬ 
mum proportion of isolations of A. stewarti obtained from adults of 
(\ pulicaria was 75 percent. 

Collections of adults of Chaetocnema pulicaria from 12 different 
host plants and from 20 different localities yielded Aplanobacter 
stewarti in from 0 to 75 percent of the individuals in each collection. 

Of the 684 adults of Chaetocnema pulicaria collected and tested 
late in the fall when they were about to hibernate, 13.1 percent yielded 
Aplanobacter stewarti. 

In addition to corn, teosinte (Kuchlaena mexicana) and jobs-tears 
(Cois sp.) were found to be hosts of Aplanobacter stewarti. Infection 
was obtained both by needle inoculations and through the feeding of 
infective flea beetles lChaetocnema pulicaria. Tests with several other 
grasses yielded only negative results. 

The length of bacterial wilt lesions, following feeding injury by 
adults of Chaetocnema pulicaria on corn in the field, was found to 
increase approximately 10 to 14 times the original size during a 9-day 
period in 1033. 

Compared with 1032 and 1033, the amount of bacterial wilt in 
eastern New York and in New r England was much reduced in 1034 
following the low temperatures of the previous winter. Chaetocnema 
pulicaria was not found abundantly north of central Pennsylvania 
during 1034. The relationship of winter temperatures to the abun¬ 
dance and distribution of the insec ts which overwinter and disseminate 
Aplanobacter stewarti may be very significant in predicting the ap¬ 
pearance of bacterial wilt of corn in destructive abundance. 
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GROWTH INHIBITION IN THE POTATO CAUSED BY A 
GAS EMANATING FROM APPLES 1 


By O. II. Elmer 

Assistant plant pathologist , Kansas Agricultural Experiment Station 
INTRODUCTION 

When the potato, Solarium tuberosum L., is confined with gases 
emanating from apple fruits its growth is arrested. Tliis reaction 
was first noted in investigations of temperature effects on the patho¬ 
genicity of llhizoctonia to the potato. All the potato seed pieces 
kept in incubators in a cold-storage room containing apples produced 
small, abnormal sprouts (7). J Subsequent investigations have 
proved that a volatile substance normally produced by ripe apple 
fruits was the cause of this growth inhibition. 

The object of this paper is to describe the morphological and physio¬ 
logical effects on the potato of the growth-inhibiting gas from apples, 
and to present information concerning the characteristics and chemical 
identity of this substance. 

Sound, nondormant potato tubers, growing potato plants, and ripe 
apples (fruits of Malus malus) were used in these studies. The pota¬ 
toes, usually cut into seed pieces, were planted in moist soil, sawdust, 
or sphagnum, under conditions favorable for their growth. The 
planted seed pieces or the growing plants, together with a few apples, 
were placed in a closed container in order to provide a sufficient 
concentration of the growth-inhibitory gas from the apples, but the 
fruits were never in actual contact with the potatoes. As a rule, 
containers with a capacity of approximately 2 cubic feet or less were 
used, and generally the tests were made in the greenhouse. The 
controls consisted of potatoes growing under similar environmental 
conditions except that apples were omitted from the container. 

MORPHOLOGICAL CHANGES IN THE POTATO PLANT DUE TO THE 
PRESENCE OF APPLES 

EFFECT ON THE SPROUTS 

The volatile substance from apple fruits affects the potato plant 
by markedly limiting the growth of the stem and roots. The limited 
sprout growth develops radially approximately as fast as longitu¬ 
dinally, and there results a tuber like structure closely appressed to 
the potato eye (fig. 1, A, and Ji). Radial enlargement is most rapid 
near the apex, where the tissues are still meristematic. Rupturing of 
tlie outer layers near the apical end frequently occurs (fig. 2, Ji). 

Abnormally thickened and fleshy rootlets sometimes develop from 
the sprouting eyes (fig. 3, ( r ). When normal potato roots are exposed 
to the gas from apples, apical growth ceases, and abnormal enlarge¬ 
ment in diameter occurs near the tip (fig. 2, B). 

i Received for publication Nov 12,1935, issued Mft> IBM Contribution no 352, Department of Hotuny, 
Kansas State College of Agriculture and Applied Science 

* The studies of the chemical nature and characteristics of the growth-inhibitory gas were informed with 
the advice of Dr H N Rarham, of the Kansas State College of Agriculture and Applied Science, Depart¬ 
ment of Chemistry 
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Fk«i RC 1—Sprout development in potatoes e\i>osed to gTowth-inhibiting gas A, Stunted, abnormal 
sprouts from seed pieces confined 10 days with apples, stunted, abnormal sprouts from seed pieces 
couflned 10 da>s with hawthorn fruits, C, normal sprouts from control seed pieces 
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Fir.i he 2 —Duration of the effect of growth-inhibiting gas on sprout development A, Sprouts grown 7 
days with apples and then 7 days without apples, B, sprouts grown 7 days without apples and then 
7 days with apples 
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A test was made early in these in\estimations to determine whether 
the conditions under which potatoes had previously been kept had 
any effect upon their response to the growth-inhibiting gas from 
apples and whether different \arieties of potatoes reacted similarly 
when confined with apples Tubers of Early Ohio and Irish Cobbler 
from Minnesota, Netted Gem from Idaho, Spaulding Rose No. 4 



Kim Hfc 3 ’1, Normal sprouts »ie\el«»iH'ti from tulmrs confined 14 d.i\s with ttder li. abnormal bprouts 
develop 1 from tul>ers lonflned 14 da>s w ith pressed pulp of apple fruits, t\ abnormal sprouts develoi>ed 
from tubers confined II da\s with sound apples /), noimal sprouts from the controls 


from Maine, Bliss Triumph from Montana, White Triumph from 
western Kansas, and an undetermined variety from Oregon were 
tested. All of these lots of potatoes produced the characteristic 
abnormal growth, and the responses of the different varieties were 
similar. 

The gas from apples may suppress the bud dominance in the tuber 
eye and thus make it possible for buds to dev elop that would normally 
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remain dormant and for multiple sprouting to result. This was 
particularly noticeable in the Triumph and Early Ohio varieties, in 
which from 7 to 12 buds started growing from numerous single eves 
Single buds, however, also developed from some of the eyes of these 
same tubers, but the potatoes that were confined with apples pro¬ 
duced a greater number of sprouts on an average than did the control 
tubers. 

A test was made to determine whether the effect of apples on bud 
dominance persists after the tubers are planted in the field. Forty 
Irish Cobbler and 40 Bliss Triumph tubers that had been held iii 
storage with apples wore cut into seed pieces and then planted. They 



FitiUHt 4 —-Freserv ati\© effect of apples on M) pound lot** of potatoes stored with apples from January 
until June in 6-cubu foot containers A, T ubers stored with 10 pounds of apples H, tubers stored with 
5 pounds of apples, C, tubers stored w ith 1 pound of apples 1), control tubers 


produced 198 and 171 sprouts, respectively, while the 40 control 
tubers of each of these varieties produced i 51) and 135 sprouts, re¬ 
spectively. In this test the Irish Cobbler and Bliss Triumph tubers 
that had been held with apples both produced approximately 25 per¬ 
cent more sprouts than did the control tubers. 

When tubers were planted in moist soil imder favorable growing 
conditions and confined with apples, abnormal sprout development 
was more rapid than was the ease when the tubers were kept dry. 
Figure 3, C, illustrates the sprouts that developed in 2 weeks from 
treated tubers planted in moist soil, and figure 4, A, illustrates the 
smaller sprouts produced by tubers held with apples from January 
until June in a commercial potato-storage house 
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Duration of the Effect 

The inhibition of normal growth apparently becomes operative as 
soon as potato plants are placed under the influence of a sufficient 
concentration of the growth-inhibiting gas. When affected potatoes 
are removed from its presence, normal growth is apparently resumed 
immediately. 

Pots containing sprouting seed pieces planted in soil were placed 
in two closed cans, one of which contained apples. At the end of 7 
days the seed pieces in the can containing apples had produced 
stunted sprouts, whereas those not exposed to apple gas had produced 
normal sprouts averaging more than 5 cm in length. 

The two lots of seed pieces w r ere interchanged; those that during the 
first 7 days of the test had produced normal sprouts were placed in the 
container with apples, and those grown in that container the first 7 
days were transferred to the container in which there were no apples. 
During the next 7 days the seed pieces in the container with the 
apples made no appreciable growth in length, but their stems en¬ 
larged radially 300 percent (fig 2, B). Radial enlargement was most 
rapid near the apex, where the tissues were still meristematic. Fre¬ 
quently the outer layers ruptured near the apical end. 

Linear grow th started immediately in the sprouts stunted the first 7 
da>s of the test (fig. 2, .1) and averaged more than 8 cm during the 7 
da vs they were in the container without apples. The basal radial 
enlargements were still evident at the end of the second w r eek. 

Seed pieces which had been planted in soil and confined with apples 
for 2 weeks were planted at a depth of 3 inches in a soil bed, and a like 
number of seed pieces which for the preceding 2 w r eeks had been 
planted in soil hut not confined w ith apples were planted alongside at 
the same depth. The short, thickened sprouts of the seed pieces 
confined with apples were not removed. Only sprouts that were 5 
mm or less in length were allowed to remain on the seed pieces that 
had not been confined with apples. No significant difference was 
noted in the time required for sprout emergence from the two lots. 
This indicates that the effect of the growth-inhibiting substance did 
not persist after the potatoes were removed from this gas. 

EFFECT ON THE GREEN PLANT 

Above-ground portion* of the potato plant are definitely affected 
by the growth-inhibiting gas from apples. Normal growth ceases, 
the leaf blades, leaf petioles, and stems become abnormally rigid, and 
the older leaves bend downward as though wilted. Crocker (4) noted 
this effect, known as epinastv, on certain other plants wiien they were 
subjected to the gases ethylene, acetylene, propylene, butylene, and 
carbon monoxide. 

The drooping of the potato petioles began within an hour after the 
plants were placed under a bell jar with apples, and the response was 
very noticeable after 2 or more hours. The time lag of an hour before 
visible symptoms appeared was probably due to the fact that the 
necessary dosage of the inhibitory gas had to accumulate and that it 
took the plant some time to react. 

The potato plants were allowed to remain under bell jars for several 
days (fig 5) in this experiment. After 3 or 4 days the older leaves of 
plants exposed to the apple gas became chlorotic. This was followed 
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by the loss of all green color, after which the petioles became detached 
by abscission. The very young leaves at the tip of the stem remained 
green and in an upright position but became rigid and did not grow 
perceptibly. While terminal growth of the plants held with apples 
was practically stopped, there occurred an abnormal radial growth or 
thickening of the stems and of the petioles of the partly developed 
leaves that remained attached. This thickening of the leaf petioles 
was greatest at the axils. Control plants held under bell jars without 
apples produced a normal growth. 

EFFECT ON STORED POTATOES 

Potatoes were stored with apples in boxes with a capacity of 5 cubic 
feet from January until early summer in order to obtain information 
on the effect of the gases from this fruit in preserving the tubers. 



Fif.i he 5—EITeU of the growth-inhibiting from apples on the potato plant 1, Control plant held 
2 weeks under hell jar li, potato plant confined 2 weeks with applets The oldest louvesof /fhetame chit 
rotic and died, the \ounger leaves curved downward, lieeaine rigid, and the |»etiolesenlarged radiallv, 
espeoiaIl> at the axils The stem also t>e( ame thickened 


This experiment was first made in 1933 and was repeated in 1934. 
The storage boxes, which were not completely closed in order to allow' 
ventilation were held in a commercial potato-storage house at Topeka, 
Kans., w r hich was kept at approximately 10° C. until March, after 
w T hich the temperature rose because of the w armer weather, as artificial 
cooling facilities were not available. 

Sixty pounds of sound Irish Cobbler potatoes were placed in each 
of four of the boxes on January 29, 1933, and to three of them were 
added respectively 1, 5, and 10 pounds of Winesap apples. The 
potatoes in a fourth box containing no apples served as a control. The 
test w r as completed June 24, at which time the four lots of potatoes 
were weighed, and final observations were made on their condition. 

The tubers that w ere stored w ith the 5-pound and the 10-pound lots 
of apples developed the abnormal sprout growth that is induced by 
the gas from apples. They had remained firm, and none had decayed. 
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Inhibition of sprouting w as most pronounced in the potatoes that were 
stored with 10 pounds of apples, and these tubers were in the best 
state of preservation, as is indicated in figure 4, A. The potatoes that 
were stored with 1 pound of apples produced sprouts that exhibited 
an unmistakable growth inhibition, although they resembled the con¬ 
trols closely. Only two potatoes had decayed, but the tubers were 
shriveled and in poor condition (fig. 4, C). The control tubers (fig. 4, 
D), on the other hand, had sprouted profusely, and were decidedly 
shriveled and in poor condition, and a few had decayed. The sprout 
growth from the control tubers was abnormally branched, and many 
of these sprouts, particularly in the low r er layers of tubers, were dead. 
This condition was probably due to the lack of ventilation in the 
boxes. The loss in weight of the control tubers, after the sprouts were 
removed, was X.75 pounds, and the loss in weight of the tubers that 
were held with 1, f>, and 10 pounds of apples was respectively 8.5, 
7.25, and 4.75 pounds. 

The potatoes that had been stored with 10 pounds of apples tasted 
sweeter than did the control tubers, indicating that more of the starch 
had been hydrolyzed to sugars. This effect is of considerable impor¬ 
tance in regard to the practicability of using the grow’th-iqjjpbiting 
gas from apples for preserving stored potatoes. 

The storage test was repeated in 1034, but the quantities of apples 
in the three boxes were increased to 5, 10, and 20 pounds. The test 
was started in January and completed in June, and the results were 
similar to those obtained in 1033. The tubers that were confined with 
apples produced only a limited sprout growth, and they were better 
preserved than were the control tubers. A considerable number of 
tubers, however, were decayed, and comparative weight decreases 
which were due to respiration and evaporation could not be obtained. 
The state of preservation and the sprout development of the potatoes 
stored with the 10-pound and with the 20-pound lots of apples were 
similar. This suggests that under the conditions of these storage 
tests, 10 pounds of apples supplied to 00 pounds of potatoes a sufficient 
concentration of the growth-inhibiting gas for maximum prevention 
of sprouting. 

in order to learn what effect the volatile gas from apples has on seed 
potatoes, tubers of the varieties Irish Cobbler and Bliss Triumph were 
planted in the field after they had been confined with apples for 00 
days. Untreated tubers w r ere planted as controls. The time required 
for the emergence of sprouts was similar for both the untreated and 
treated lots. The treated Cobbler and Triumph tubers produced 
respectively 25 and 27 percent more sprouts than did the control 
plants, but the yields were similar. The increased number of sprouts 
from the treated tubers is evidently an effect of the gas from apples, 
which causes bud dominance in the potato eye to be overcome. This 
test indicated that potatoes to be used for planting may be preserved 
with the growth-inhibiting gas from apples without harmful effects 
to their productivity. 

SOURCE OF THE GROWTH-INHIBITING GAS 

All the apple varieties that were tested caused grow th inhibition of 
the potato, and this characteristic appears to be common to all ripe 
apples. Abnormal growth response of potato sprouts w^ere obtained 
with Winesap, Stayman Winesap, Jonathan* Ben Davis, Gano, 
Delicious, Rome Beauty, and Yates apples. 
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Certain other fruits and vegetables were kept in elosed containers 
with sprouting potatoes in order to ascertain whether, like the apple, 
they produce a growth-inhibiting gas. An inhibited sprout growth 
was produced by pears, Pyrus communis (varieties Bose and Kieffer), 
and by the fruits of the hawthorn, Crataegus crus-galli (fig. 1, B). 
Normal growth resulted when the planted tubers were subjected to the 
gases produced by bananas, onions, oranges, or sweetpotatoes. 

Immature apples did not cause growth inhibition in the potato 
plant, and it appears that the growth-inhibiting substance is not 
produced by such fruits. When the immature apples were hold, 
however, until they had ripened and were again placed in an enclosed 
chamber with potatoes, they caused the characteristic growth 
inhibition. 

It was noted that the growth-inhibiting substance is produced in 
smaller quantities by overripe fruits and not at all by decayed fruit 
tissue. When sound but o\enipe pear and hawthorn fruits were 
confined with potatoes, the resultant sprout growth was thickened, 
elongated slowly, and was more or less intermediate between the 
normal and the abnormal. A similar but less definite response was 
noted in o'serripe apples When potatoes planted in soil were placed 
in a chamber with decaying apples, abnormal sprouting developed as 
long as healthy apple tissue was present, but normal growth began 
when the apples were entirely decayed. 

Studies were made to determine whal tissues in the apple produce 
the growth-inhibiting gas. Freshly isolated mesoearp, endoearp, 
skin, and seeds were renewed daily in closed chambers containing 
sprouting potatoes. Inhibited growth similar to that occuning when 
the whole fruit was used resulted in the potatoes that were confined 
with the mesoearp and with the endoearp tissues. Abnormal growth 
of sprouts did not occur on the potatoes held in containers with the 
skin or the seeds of apples; and it appears, therefore, that these por¬ 
tions of the apple do not produce the growth-inhibiting gas. 

Growth inhibition was not obtained from potatoes that were con¬ 
fined with cider but did result when the potatoes were confined with 
pressed apple pulp Ground apples were pressed in a hydraulic press 
under 19,000 pounds pressure, and the juice and pulp fractions w T ere 
placed in separate closed chambers containing planted potatoes 
Each portion of juice and pulp was allowed to remain in the container 
for a day and was then replaced by a newly prepared portion. The 
normal sprout growth from the potatoes confined with the cider and 
the abnormal growth from those that were held with the pul}) is 
shown in figure 3. 

Steam distillate from crushed apples was confined with sprouting 
potatoes but did not prevent noripal sprout production. Newly pre¬ 
pared portions of the distillate were supplied daily, and each portion 
was allowed to remain but 1 day with the potatoes. The growth- 
inhibiting substance was evidently not concentrated in the distillate 
from the fruits. 

CHANGES IN NORMAL PHYSIOLOGICAL PROCESSES 

RESPIRATION 

Measurements were made on the intensity of respiration from 
sprouting potato tubers that were growing In normal atmosphere and 
from tubers that were held in a similar environment with the excep- 
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tion that the atmosphere contained the volatile emanations from 
apples. 

The two lots of tubers were each confined in an enclosed chamber 
through whirl) a stream of air was constantly drawn. The air sup¬ 
plied to the control-tuber lot was obtained directly from the laboratory 
and permitted normal sprout growth. The air supplied to the other 
lot of potatoes was charged with the volatile gases from apples by 
drawing air from the laboratory through a cylinder 25 cm in diameter 
and 75 cm long, filled with ripe apples. These potatoes produced the 
characteristic abnormal sprouting that results when growing potatoes 
are confined with the growth-inhibiting gas from apples. 

A measure of the intensity of respiration ot the experimental 
potatoes was obtained from the increase in weight of soda lime after 
the salt had absorbed the carbon dioxide respired from weighed lots 
of the potatoes for measured periods of time. Atmospheric carbon 
dioxide was removed from the stream of air supplied to the growing 
chambeis by fiist passing the air through soda lime. Calcium chloride 
was employed to dry the air before it entered the soda-lime towers. 

Sound, uncut tubers were used, and their weight was recorded at 
the beginning of the test when they were placed in the. enclose^growl¬ 
ing chambers. Not less than l,()00-g samples of tubers were used. 
The different tests, which were made at laboratory temperatures of 
approximately 20° to 25° (\, varied in length from 10.5 to 21 days. A 
moist atmosphere was provided for certain lots by packing the tubers 
in moistened sphagnum, w hile other lots were kept in a dry atmosphere. 

Four series of tests on respiration intensity were made, and the 
results are recorded in table 1. This table records the weight in¬ 
creases of the soda lime from carbon dioxide respired by the experi¬ 
mental tubers. In order that comparisons may be readily seen, there 
is given in the table the computed weight of carbon dioxide respired 
from 1,000 g of tubers during a period of 21 days. The percentage 
increase of carbon dioxide respiration from the affected tubers in 
excess of that fiom the nonaffeeted tubers is also given. 

T\m,h 1 Effect of (he gi owth-inhibiting gas from apples upon respiration from 

sprouting potato tubers 
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CATALASE ACTIVITY 

Measurements were made on the catalase activity of potato tissue 
from tubers that had been affected by the growth-inhibiting gas pro¬ 
duced by apples and from tubers that had not been exposed to this 
gas. There is no universal agreement among plant physiologists 
concerning the significance of catalase activity in plants, but it is 
generally considered that its intensity is a measure of physiological 
activity and that it is associated with the function of respiration. 

The measurements of catalase intensity were made from sprout 
and from tuber tissues according to the method adapted by I)a\is (fi). 
It w T as found by preliminary tests that the catalase activity of sprout¬ 
ing potato tubers is greatest near the eyes, and tissue surrounding the 
eyes was consequently used for the tests To weighed samples of 
macerated tissue was added o ee of hydrogen peroxide, and the amount 
of oxygen e\ol\ed in f> minutes’time was measured by the displacement 
of water in a burette The results obtained and the computed amount 
of oxygen e\ol\ed per 100 mg of tissue are recorded in table 2. 

T\bi.e 2 Fjftrt of Ihf gtonIh-wilnlnhng gas from appU s upon caialas< nriwitg 
in the spiout tissm ami tin tuba hssui of th( potato 
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' Tissues not affected bv the Krouth-mlnbitmii khs 

* Tissues afToeted b\ the growth inhibiting j? is 

1 Poroentage intro iso of ovvgori liberated bv abnormal oxer normal, 70 kk 

* Pec rentage increase of ovvgon liberated b\ abnormal over norma], 0 r ) 27. 


The tests on comparative catalase activity indicate that potato 
sprout and tuber tissues that have been affected by the growth- 
inhibiting gas from apples contain decidedly more of that enzyme 
than do the normal tissues. The catalase from abnormal sprout tissue 
liberated 79.88 percent more oxygen than did this enzyme from the 
normal sprouts, and the catalase from abnormal tuber tissue liberated 
95.27 percent more oxygen than did that from the normal tubers. 
If is of interest to note that potatoes that had been affected with the 
growth-inhibiting gas from apples had both a higher respiration in¬ 
tensity and a greater catalase activity than did the normal potatoes. 
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OXIDASF ACTIVITY 


Comparisons weie made of the oxidase activity of potato sprouts 
that had de\ eloped m the presence and m the absence of the growth- 
inhibiting gas from apples The measurements of oxidase activity 
weie made according to the simplified method of Bunzel (3) 

A lughei oxidase activity was recorded from abnormal sprouts 
than from normal sprouts, as is indie ated in table 3 In a test made 
m January 1*114 the oxidase activity from the abnormal sprouts was 
11 percent lughei than that lrom the control sprouts, and in a test 
made 2 weeks latei, the oxidase activity from affected tubers was 
{(> pen cut higher than that fiom the control tubers 

I 3 Vffect of the grouth-mhibitmg gas from apple* upon oxidase activity 

m th< sprout tissue and the tuber tissue of the potato 


1 issue 


r ut 
hit < r 


Ow&en absorbed bv 


Normal Abnormal 
tissue tissue 


Cc 

4 899 
4 4 r 


Cc 
r 4f 
( 01 


CHEMICAL ANAL\SES OF NORMAL AND AFFECTED SPROUT AND 

TUBER TISSUES 


('hemic al anahses weie made of normal potato tubers and sprouts, 
and these anahses weie (ompaied with those of similar tissues from 
potatoes thut had been held under the influence of the growth- 
inhibiting gas from apples lush Cobbler tubers were cut into longi¬ 
tudinal halves, and half of each tuber was placed in an enclosed 
chamber that contained Wmesap apples The tubei halves were 
covered with a la\eroi moist sphagnum to provide suitable conditions 
ioi growth The other tubei halves were placed in the control cham- 
bei and were covered and held under similar environmental conditions 
except that no apples were piesent The potatoes were allowed to 
grow approximated 1 month The sprouts were then removed and 
clued at hf>° to 70° (' aftei fust being heateel to between 90° and 100° 
C foi an hour to stop enyvmatic action Tubers iiom both lots were 
shei'd and similarlv heated and dried 

The anahses recoide'd in table 4 indicate the xanations m com¬ 
position that existed between the affected and normal sprout and tubei 
tissue's The total nitrogen content of the compared samples was 
epnte similai The dried normal and abnormal sprout tissues con- 
tamed, ii'spi'itivelv, 3 70 and } (>h peicent total nitrogen, while the 
total mtioge'ii content e>f the normal and abnormal tuber tissues was 
ri'speetivelv 2 12 and 2 11 peicent 


JTvmi* 4 ( henneal analyses of sprout and tuber tissues from normal potatoes 

and from pi tatoe s affected by the grou th-inhibitmg gas from apples 
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1 Water analyses on a fresh weight basis other analyse* on a dry welght'basis 
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The albuminoid-nitrogen content of the dried normal and abnormal 
tuber tissues was respectively 1.08 and 1.03 percent. A greater differ¬ 
ence in albuminoid-nitrogen content existecl between the affected and 
the normal sprouts. The normal sprouts contained 1.86 percent of 
albuminoid-nitrogen, which is 50.27 percent of the total nitrogen 
content, while the abnormal sprouts contained 2.61 percent of albumi¬ 
noid nitrogen or 71.31 percent of the total nitrogen content. While 
the total nitrogen content of the abnormal sprouts was similar to that 
of the normal sprouts, these analyses show that it was largely in the 
form of the insoluble albuminoid nitrogen. The abnormal sprouts 
contained only 57 percent as much protein-free nitrogen as did the 
normal sprouts. 

Total sugars and reducing sugars were more abundant in the 
abnormal than in the normal sprouts. The normal sprouts contained 
approximately one-fourth less both of total sugars and of reducing 
sugars than did the abnormal sprouts. 

Tubers that had been exposed to the growth-inhibiting gas for a 
month contained five times as much total sugars as the untreated 
control tubers. This accounts for the relatively sweeter taste of tlie 
potatoes that w r ere stored with apples. Neither the normal nor the 
treated potatoes contained reducing sugars. 

The dry-weight starch content of the stunted and the normal 
sprouts w T as similar, and the hemicellulose content of these sprouts 
w r as also similar. No determinations were made of starch, hemicel¬ 
lulose, crude fiber, or ash in the tubers. 

The crude-liber content of the dried normal and abnormal sprouts 
was, respectively, 11.65 and 7.06 percent, or a decrease 4 of 40 percent 
in crude fiber in the affected sprout tissue Ash constituted 8.6 per¬ 
cent of the dry weight of the normal sprouts and 7.0 percent of the 
dry weight of the abnormal sprouts. 

Water constituted 91.24 percent of the normal sprouts and 89.09 
percent of the abnormal sprouts before they were dried. The mois¬ 
ture contained in the fresh normal and the treated tubers was, 
respectively, 79.75 and 78.11 percent. 

Abnormal physiological activities, including enzymatic action and 
synthesis of carbohydrates and proteins, are induced by the growth- 
inhibiting gas and are apparently related to the morphological changes 
that occur in affected potato plants. The nature of this relationship 
has not been demonstrated, but it appears that the unbalance of 
carbohydrates and proteins within such plants is sufficiently great to 
affect their morphological development. Botjes (/) observed the 
premature formation of tubers from the eyes of potatoes from which 
repeated crops of sprouts had been removed and offered the hypothesis 
that this abnormal tuber formation is caused by ah unbalanced car¬ 
bohydrate and protein ratio in the^mother tuber. He suggested that 
after repeated crops of sprouts have been removed, a shortage of 
proteins may finally result, under which conditions the formation of 
normal sprout tissue is hindered. A hypothesis may likewise be 
entertained that the gas from apple fruits may cause the permeability 
of the protoplasm of the potato to be changed, or that because of 
the effect of this gas on enzymatic action or on other functions, the 
potato may be unable to supply the developing sprout with the re¬ 
quired proportion of carbohydrates and proteins. Analyses of normal 
and abnormal sprouts indicate that an unbalanced ratio of sugars 
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und nitrogen compounds occurred in the abnormal sprouts. No 
great differences occurred in the umount of total nitrogenous materials 
in the compared sprouts, but albuminoid nitrogen was more abundant 
in the abnormal sprouts. The abnormal sprouts contained only 
about 57 percent as much protein-free nitrogen as did the normal 
ones. Accompanying the reduction in protein-free nitrogen, the 
abnormal sprouts contained an excess of 34 percent in total sugars 
and 29 percent in reducing sugars. The elfect of this abnormal ratio 
of carbohydrates and protein-free nitrogen may very probably be the 
cause of a decided hindrance in normal sprout development. 

INVESTIGATIONS TO IDENTIFY THE GROWTH-INHIBITING GAS 

FROM APPLES 

Attempts were made in these investigations to identify the volatile 
growth-inhibiting substance that is produced by apples. The char¬ 
acteristics of this gas were studied from its reaction to certain solvents, 
absorbents, and oxidizers. Sprouting potato tubers were also treated 
with the gases of various chemical substances, and the effect of these 
chemicals upon sprout growth was noted. 

A stream of air containing the volatile products from apples was 
treated with a solvent, absorbent, or oxidizing agent, and them drawn 
through a closed chamber that contained potatoes planted in moist 
soil. The index used to determine whether the growth-inhibiting 
gas had been destroyed was the ability of the potatoes to develop 
normal sprouts. The duration of the tests was approximately 14 
days, which allowed time for sprout growth of the tubers. 

The growth-inhibiting gas from apples was not removed or de¬ 
stroyed following dispersion through ethyl alcohol, mineral oil, petro¬ 
leum ether, toluene, benzene, amylacetate, or potassium hydroxide. 
Abnormal sprouting of the potatoes occurred after the growth- 
inhibiting gas had been treated with these substances. 

Air containing the gases from apples was passed through an electric 
furnace by way of a pyrex tube filled with a mixture of 1 part of plat¬ 
inized asbestos and 3 parts of black copper oxide. The treated air 
was then drawn through chambers that contained growing potatoes. 
The furnace was kept at a glowing-red temperature during the 14-dav 
period of the test. Normal sprout growth resulted from the test 
potatoes, as is shown in figure 0, 7?, indicating that the growth- 
inhibiting gas was destroyed under the oxidizing conditions at this 
temperature. 

Activated charcoal (Norit), which had been held at 100° C. for 36 
hours before the test, was used in an attempt to adsorb the growth- 
inhibiting gas by slowly drawing the gases from apples through a 
29-inch column of this adsorbent. No evidence was obtained that 
the grow th-inhibiting gas w as adsorbed, inasmuch as characteristically 
inhibited sprouts developed from the indicator potatoes. 

Attempts w r ere made to oxidize the growth-inhibiting gas from 
apples by dispersing it through a 2-percent solution of potassium per¬ 
manganate made alkaline by the addition of 2 percent of potassium 
hydroxide. The resultant sprout growth of the tubers was not 
normal, but slowly elongating, somewhat thickened sprouts that w ere 
intermediate between normal and abnormal were produced in one of 
the tests. Evidently the growth-inhibiting gas was not completely 
oxidized. 
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Absorption of the growth-inhibiting gas from apples was attempted 
with sulphuric acid, fuming sulphuric acid, and chlorosulphonic acid. 
The gases from apples were passed through these acids in a Bowen 
potash-absorption bulb. Moisture was removed from the air stream 
with calcium chloride before the gases entered the absorption bull), 
and the acid fumes were removed with a 40-percent potassium 
hydroxide solution before the air stream entered the potato-growing 
chambers. The growth-inhibiting gas was destroyed both by fuming 



*im iil h I'he elTe t of absorption or oxidation on the giowth inhibiting g i' r« m apples A, Normal 
sprouts pro lined after (he growth inhibiting gas had been absorbed u ith chlorosulphonic at id B, normal 
sprouts produced after the growth inhibiting substance had been oxidized under high terniioratures 
(, control normal sprouts from tubers not subjected to the growth inhibiting substance I), control, 
abnormal sprouts from tubers that were supplied with air containing the gases from apple fruits, the air 
stream being a pjrtion of the supply use J for 1 and B 

sulphuric acid and by chlorosulphonic acid/ as was indicated by the 
development of normal sprouts from the potatoes that served as 
indicators (fig. 6, ^1). Sulphuric acid (nonfuming) did not completely 
absorb the growth-inhibiting gas, and abnormal sprouts developed 
from the indieator potatoes. 

An attempt was made to absorb the growth-inhibiting gas from 
apples with bromine. The gases from apples were dispersed through 

‘Reported as an absorbent b> Botjes (£) 
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bromine-sat urated water, then through a bromine-saturated atmos¬ 
phere, after which the bromine vapors were stripped from the air 
stream by dispersion through potassium hydroxide. This absorbent 
destroyed the growth-inhibiting gas and allowed normal sprouts to 
develop from the tubers that served as indicators. 

In the studies above described, the growth-inhibiting gas from 
apples was destroyed by substances that are known to react with 
ethylene. It was oxidized at a high temperature and apparently also 
by potassium permanganate. Treatments with fuming sulphuric 
acid, chlorosulphonic acid, and bromine (substances known to be 
efficient absorbents of ethylene) destroyed its growth-inhibiting 
property. 

(Vrtain effects on the potato plant of the gas from apples are similar 
to previously described effects of ethylene on other plants, and the 
possibility that ethylene is the casual growth-inhibiting substance 
from apples was entertained early in this investigation. Deimy (6’) 
found that ethylene caused green lemons to respire from 100 to 250 
percent more carbon dioxide than normal, and Regeimbal et al. (.9) 
noted that ethylene hastened the ripening of bananas, in which the 
liberation of carbon dioxide was doubled or trebled. It was found in 
the present investigations that approximately 100 permit more 
carbon dioxide than normal was respired by sprouting potatoes when 
they wore exposed to the growth-inhibiting gas from apples. 

('rocker ( 4 ) found that ethylene, acetylene, butylene, propylene, 
and carbon monoxide produce epinastv of the leaves of certain plants. 
In the present investigation this reaction was produced in potato 
plants both with ethylene and with the gas from apples. 

Above-ground portions of the potato plant were confined in an 
atmosphere that contained 1 part of ethylene to 20,000 parts of air. 
The response of the leaves to this gas was similar to the response that 
followed when potato plants were held in closed containers with 
apple fruits 

Potato seed pieces planted in moistened sphagnum were confined 
in a similar concentration of ethylene in order to note the eirect of 
this gas upon the de\elopment of sprouts and in order to compare 
their response with the effect that is produced by the grow th-inhibiting 
gas from apples. The ethylene w as renewed at 12-liour intervals after 
the air in the bell jars that enclosed the experimental potatoes had 
been completely changed. The effect of ethylene on the potato 
sprouts was not distinguishable from the effect that is produced bv 
the grow th-inhibiting gas from apples. The abnormal sprout growth 
that developed as a result of the treatment with ethylene is illustrated 
in figure 7. 

Studies were made to identify the growth-inhibiting substance 
from apples. Fuming sulphuric acid, as was noted above, proved an 
efficient absorbent of this gas, and it was consequently employed in 
this investigation. The gases from apples were dispersed con¬ 
tinuously for a period of approximately 3 weeks through fuming sul¬ 
phuric acid in Bowen potash bulbs. I'lie spent acid was made alka¬ 
line with sodium hydroxide, refluxed to hydrolyze any ester present, 
distilled, and the distillate, after being oxidized, tested with the alde¬ 
hyde fuchsin reagent. A positive aldehyde test was obtained, which 
suggests that the acid reacted with an olefin, that the resulting ester 
w T as hydrolyzed to a primary alcohol, and tha£ the primary alcohol 
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was oxidized to an aldehyde. Tins behavior indicates the probability 
that the growth-inhibiting gas is ethylene 5 and not acetylene, buty¬ 
lene, or propylene. The possibility that the growth-inhibiting gas 
from apples is acetylene is unlikely because acetaldehyde, formed 
when the acetylene-sulphuric acid addition product is hydrolyzed, is 
probably destroyed during the 3-hour period of refluxing in the pres¬ 
ence of an alkali. The assumption is made that the growth-inhibiting 
gas is ethylene rather than any other olefin because the aldehyde 



Fiolre 7 “Effect of cthvlene on iwitato-sprout production 1, sprout growth from tubers held wilh eth 
yleue, 1 part to 20,(KX) parts of air, B, control tubers held under a similar environment except that no 
ethjlene was present 


fuchsin test indicated the presence of a primary alcohol, while the 
homologues of ethylene tend to form secondary and tertiary alcohols 
after addition reactions and subsequent hydrolysis of resulting esters. 
Upon oxidation, secondary alcohols yield ketones, which react rela¬ 
tively slowly with the fuchsin reagent, while tertiary alcohols are 
broken up into ketones and acids. 

« Gane (8) identified the growth-inhibiting Has from apples as cthvlene by employing bromine as the 
absorbent The investigations herein described were completed before (lane's rejiort was noted, and 
the> corroborate his conclusions 
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SUMMARY 

A volatile substance, normally produced by apple fruits, causes 
striking morphological and physiological abnormalities in the potato. 

This volatile substance is produced by the mesocarp and endocarp 
of sound ripe apples. Pears and hawthorn fruits also emanate this 
gas. Affected potato sprouts produce an abnormal radial growth, 
while longitudinal growth practically ceases, and a tuberlike structure 
results. Epinasty occurs in affected leaves. Apical growth of the 
green plant ceases, but radial enlargement results in the younger por¬ 
tions of the stems and in the leaf petioles. Respiration and catalase 
activity are approximately doubled, the oxidase activity is increased, 
and a change occurs in the nitrogen-carbohydrate balance of sprouts 
and tubers. 

The sprouting of potatoes in storage can be practically stopped 
and the tubers can be kept in a well-preserved condition by supplying 
a sufficient concentration of the growth-inhibiting gas. The total 
sugar content of the tubers is, however, increased, giving them a 
sweet flavor. Potatoes to be planted are apparently not injured by 
the growth-inhibiting gas. 

The growth-inhibiting gas is oxidized at high temperatures and 
with potassium permanganate. It is absorbed by bromine, fuming 
sulphuric acid, and chlorosulphonic acid. 

Analysis of the absorption products obtained by treating the gases 
from apples with fuming sulphuric acid indicates that ethylene is 
produced by these fruits. 

The effect of ethylene upon sprout development and on the green 
portions of the potato plant w as indistinguishable from the effect that 
is produced by the growth-inhibiting gas from apples. 
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SEED GERMINATION IN LOBELIA, WITH SPECIAL REF- 
ERENCE TO THE INFLUENCE OF LIGHT ON LOBELIA 
INFLATA 1 

Bv W. 0 MukN'sCHEK - 

Assistant profissor of economic botanic Vr ic York (Cormll) Agricult oral Kxptrnm ut 

Station 

INTRODUCTION 

The Indian tobacco, Lobelia inflata L., a common nathe annual of 
eastern North America, is the source of alkaloids used in certain drills. 
Most of these alkaloids are obtained from wild plants. Experimental 
plantings have been made, however, to determine the effect of various 
treatments on the alkaloidal content of L. infata under eulth ation, 1 
and in recent years attempts have been made to grow it commercially. 

Six years ago several samples of Lobelia inflata seed were submitted 
to the writer with the complaint that when planted the seed bad failed 
to grow. Germination tests on these seetls had also been unsuccessful. 
The question them arose, Are these seeds immature, dormant, or dead? 
After subjecting lots of these seeds to various treatments employed to 
induce germination, such as alternating temperatures, chilling, freez¬ 
ing, soaking in sulphuric acid, hydrochloric acid, or hot water, and 
removal of seed coats, it was found that some of tin* samples w ere dead, 
and that strong light was necessary to obtain any germination from 
the others. The exact age of the seed samples was unknown, and no 
information was a\ailable concerning the condition of the seeds at the 
time of harvest. In order to obtain information on the effect of age 
upon the conditions necessary for the gemination of L. inflata an 
experiment was begun in 1930 with fresh seeds of know n age. 

MATERIALS AND PROCEDURE 

Seeds of Lobelia inflata were obtained from six localities. (1) Marion, 
Va.; (2) Asheville, N. (\; (3) Statesville, N. (\; (4) Gbateaugay, N. Y,; 
(5) Newport, Vt.; and (0) Lenox, Mass. The first three lots were 
commercial seeds from the crop of 1929, supplied by J. T. Lloyd of 
Cincinnati, Ohio. The last three were harvested from wild plants 
when the fruits were ripe, about the middle of September 1930. These 
seeds were allowed to air-dry in the laboratory and were stored in a 
dark case in tightly stoppered glass bottles until they were used for 
making germination tests. 

All tests were made in duplicate with lots of 100 seeds. Preliminary 
germination tests were made with soil, water, p *per towels, and 
unburned clay flower pots as substrata. The best germination was 
obtained in water or by placing the seeds on the moistened surface of 
a clay flowerpot. Small 1-inch pots were used for the germination 

1 Received for publication Jan 11,11130 issued Mh\ 1030 

2 The writer is indebted to S K Patrick and Helen Harard for assistance in making tlu germination 
tests in 1934 and 193 r » 

1 MAscnf, M, ami O/not, H exi*/kilv kh (mtiraii-s st k ia iokelik, “iobeija inflata’' i 
B ull Sci. Pharm 39 166-172. 1932 

-and OfcNOT, H noi \ki les fxpekienc eh sur i a < i jti iik i>f i a iobelie (loiiklii inflata i ) 

Bull Sci Pharm 40 453 469 1933 
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tests The clav pots Here inv cited m a glass bowl of water so that 
the wutei readied within 5 mm of the surface holding the seeds The 
bonis were <o\ered with Petri dishes so as to provide a moist, well- 
lighted gei ruination ehainber One series of chambers was set in a 
well-lighted room near a south window, the othei senes was placed 
in a dark (hamber in the same laboratory room 

The geiminatois were examined daily and the germinated seedlings 
were counted and remo\ed on the ninth to twelfth day and at approx- 
linateh 10-dav intenals thereafter lor 40 to 00 days In the earlier 
tests the gerimnators in the dark were opened only m a dark room 
with artificial light, but later, when it was found that the short expo¬ 
sure to dnv light did not aflect the germination of the soaked seeds, the 
seeds were examined lrom time to time in daylight Germination 
tests were made of six samples o\er a penod of from 4 to 0 years 
Gerruination tests of several other species of Lobelia were made, by 
the methods alreadx described, in order to compare the results with 
those obtained with L mflata The following lots of seed were har¬ 
vested in the autumn ol 19$0 from mature fruits from plants growing 
wild in v arious par ts of New York L lardmahs L , L dortmarma L, 
L kid mu \j , and L s iphilitna L In addition, seed of L tenuior R 
Br and five varieties of L ermu s L were obtained from a (opfimercial 
seed dealer 

DATA AND DISCUSSION 

The results ol germination tests with Lobelia mflata seeds from 1 
to h vears of age are recorded in table 1 
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All of the samples ga\ e some {Termination in sunlight No seeds 
germinated before the eighth day. Germination usually began on 
the ninth day, and approximately 80 pereent of the total germina¬ 
tion oceurred between the ninth and the twentieth days There was 
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considerable variation in the percentage of germination in the samples 
of seed from different sources. All six samples continued to remain 
viable for from 4 to 6 years, or the duration of the experiment. The 
figures for samples 4, 5, and 6 indicate a period of low germination 
during the first year, possibly a period of dormancy due to other 
factors than light. In general, the percentage of germination 
increased during the second to fourth vear and then decreased some- 
what. 

■ *1° time did oven a single seed germinate in the germinators kept 

in darkness. Some of the lots of seed after having been kept in the 
dark for 30 to 55 days without germinating were transferred to a 
room where they were exposed to sunlight, and within 9 to 30 davs 
from 23 to 94 percent germination was obtained (table 1). These 
germination percentages were very similar to those obtained by plac¬ 
ing similar samples of seed directly in the light. These results 
demonstrate the necessity of light for the germination of seeds of 
Lobelia inflata. 

It w r as thought that if large lots of seeds were placed in germina- 
tors, possibly a few seeds would be found to germinate in darkness. 
Accordingly, lots of several thousand seeds were scattered on the 
surface of water cultures and placed in dark chambers, and similar 
control cultures were placed in sunlight. The cultures in the light 
germinated w r ell, but not a single seed germinated among those kept 
in the dark. 

To determine the influence of light on the germination of Lobelia 
i inflata under field conditions, seeds of lots 1, 2, 3, and 5 were sow n in 
rows in a garden (Dunkirk silty clay loam) on May 24, 1934. In one 
series the seeds w r ere dropped on the surface of the soil and in another 
they were covered with about 1 cm of finely pulverized soil mixed 
with sand. No seedlings were visible before June 10, but from then 
on numerous plants began to appear from the surface-sown seed. 
Only three plants were found in the rows in which tho seed had been 
covered. It would appear that in growing Z. inflata from seed good 
results may be expected by sowing the seed on the surface of a finely 
prepared seedbed, as is frequently done with tobacco seed.* Stock- 
berger, 6 in discussing the planting of L . indata seed states that it is 
better not to cover them but to sow them on the surface of the soil. 

The striking results obtained with Lobelia inflata suggested the* 
desirability of testing other species of Lobelia to determine whether 
they would respond to light in the same manner. The results of these 
tests, recorded in table 2, show' that L. cardinal is and L. siph’ditica , 
like L. inflata , failed to germinate in darkness. 

The results of the tests with L. dortmanna and L kulmii are incon¬ 
clusive. In Z. dortmanna , the water lobelia, an aejuatie plant of 
shallow' acid ponds and lakes, the?seeds failed to germinate, probably 
because they had been killed by drying. These seeds normally 
mature in the water, or the capsules, borne on the slightly emersed 
peduncles, are but little raised above the surface of the water, so that 
they are kept continually moist until the seeds fall into the water. 
Seeds produced under such conditions probably do not withstand 
drying. To test the validity of this explanation, fresh capsules of 

♦Kincaid, R H. effects of certain environmental factors on germination of Florida cigar* 
wrapper tobacco skeds. Fla. Agr Exj>t 8ta. Bull 277, 47 pp , Ulus 1935 

•'Stock beroer, W. W r . drug pi ants under ili.tivation V S. Dept Agr Farmers’Bull 036 
1920. 
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L dortmanna were harvested in Round Lake, Sullivan County, N Y , 
on September 5, 1935 The seeds were placed in cold storage at 
1° to 3° C and kept there from September 15 to Nov ember 10, 1935 
One lot was stored in jais of lake water from the time of har\est 
until the germination tests and another lot was au-dried and stored 
in a mamla cm elope at loom temperature Duplicate samples of 
100 seeds from each lot were placed in glass jars co\ered with b cm of 
watei One set was placed in sunlight and the other was placed m a 
dark chamber At the end of 15 days, m the seeds that had never 
been allowed to dn, 73 percent of those in the light and 57 percent of 
those m the dark had germinated On the other hand, none ol the 
dried seeds germinated, even aftei a subsequent storage of 4 weeks 
in water at 1° to 3° O These results show that seeds of L dart - 
matma do not lequrre light lor germination, and also that thev lose 
their viabilitv upon diving 
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The poor germination obtained in Lobelia kalmii might possibly 
have been due to the presence of dead seed However, the small 
percentage of germination during the first year.and the absence of 
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germination in subsequent years (table 2) suggest that drying of 
the seed may have been the cause. The habitat of L. kalmii- wet 
bogs, springy banks, and dripping wet cliffs- would naturally supply 
a moist stratum upon which the mature seeds fall as they are shed 
from the plant. To verify the effect of drying upon its seeds would 
require germination tests with fresh undried seeds. 

No germination was obtained from the seed of L. cardinalis and 
L. xiphilitica in the tests made about 1 year after the seed was har¬ 
vested; the best germination was obtained 4 years after harvest. 
This behavior suggests a secondary dormancy of the seed brought 
about by tlio dry conditions under which the seeds were stored. 

The six forms of cultivated lobelias, Lobelia erinus and L. Unvior, 
all gave good to very good percentages of germination with no signi¬ 
ficant differences between tests conducted in light and darkness. 

A number of plants in widely unrelated families have been shown 
to have seeds that are light-sensitive or whose germination is favored 
by light. Several explanations of the direct or indirect action of 
li^ht on such seeds have been discussed by Gardner, 11 Kommerell, 7 
Kinzel, 8 Kincaid, 9 and others. In all the examples found in the 
literature in which seed germination was favored by light, some seeds 
also germinated in darkness. In the present investigation a good 
percentage of seeds of Lobdia inflata germinated in the light, but out 
of upwards of 500,000 seeds placed in germinators in the dark, not one 
germinated unless subsequently exposed to sunlight. 

SUMMARY 

It has been demonstrated that light is necessary for the germination 
of Lobdia inflata seeds. Of the several other treatments given to the 
seeds, none acted as a substitute for light to bring about germination. 
When L. inflata seeds were sown on the soil surface in a garden, good 
germination was obtained, but practically no germination was 
obtained when the seeds were covered with 1 cm of soil. The seeds 
retained their \iability for at least 5 years in dry storage under 
laboratory conditions. 

Tests with other species of Lobelia indicate that L. cardinal in and 
L. si philitica also require light for germination. 

The seeds of L . tenvior , five forms of L. erinus , and L. dortmanna 
germinate about equally well in light or darkness. 

Seeds of Lobdia dortmanna lose their viability upon drying. Seeds 
stored in water at a temperature of 1° to 3° (\ retain their v nihility for 
at least 4 months. 

« Gardner, W. A, fffmt oi ih.ht on thf oeiimin iTIon o y iimit-h* n*vR nerds Hoi U47 
71 249 288 1921 . 

7 KOMMKRELL, E QIANTITIVR fllMl DEN EINFI l NS DEN LICHTLS \ EKSt IIIEDR NEK U Ell* V- 

LANtiEN AUF DIE KKIWUNG DER SAMI' N JnhrB VttjSS Bot Mi 481 512, ill US 192<1 
* Kinzei., W gken/en der kokdeki ir hrn hvuiiim no von hiost umj ikiit hm drh namknrei. 
mi vo Ange* Bof 12 10-22 1930 

1 Kini aid, K K See footnote 4 




TIME INTERVAL BETWEEN EGGS OF RHODE ISLAND 

RED PULLETS 1 


Hv F. A. IIay*. 

Rest arch piofisxor, Department of Poultry Husbandry , Massaehusats Agncultuml 

Expiriment Station 

INTRODUCTION 

The time interval between eggs laid on successive days ha* been 
studied by a number of investigators. Warren and Scott J have 
recently reported the results of carefully controlled experiments to 
obtain more definite information relative to the time element in egg 
formation. They report for White Leghorns that the average time 
between eggs laid on successive days is 25.1 hours. Their studies 
indicate also that the variation between individual birds in time 
interval between eggs is due largely to variations in the time the egg 
is held in the uterus. 

The studies reported here on Rhode Island Red pullets in the first 
laying year were undertaken to discover possible relationships between 
the time between eggs within the clutch of individuals and some 
important fecundity and reproductive characters. 

DATA RECORDED 

Four hundred and nine pedigreed Rhode Island Red pullets bred 
for high fecundity and hatched from March S to May 22, 192b, were 
trap-nested hourly for a full laying year and the time of laying was 
recorded on the hour. In other words, eggs taken from the trapnests 
from 9 to 10 o'clock were marked as laid at 9 o’clock, and so on 
throughout the day. Such a method of recording time was reasonably 
accurate within 1 hour but would in general tend somewhat to increase 
the recorded time intenal over the actual time interval. The mean 
time interval within clutches from first pullet egg to March 1 was 
calculated for each individual, together with winter clutch size, 
winter egg production, hatching season egg weight, hatrhabilitv, 
persistency, and annual egg production. Monthly time between 
eggs was also calculated for 119 of these birds that were in one house, 
together with the monthly egg record of each individual. 

CHANGES IN TIME INTERVAL BETWEEN EGGS DURING THE 
PULLET LAYING YE^R 

Figure 1, based on the records of 119 birds, shows clearly that the 
mean time between eggs laid on successive days varies greatly through¬ 
out the first laying year. The great majority oLthe birds used in 
this study began their laying yea* in October. Figure 1 show's that 
pullets tend to begin tlieir year with a relatively short period between 

1 Received for publication Dec 0, 10. V> issued Ma\ 10W» Contribution no ZU of the Massachusetts 
Agricultural Experiment Station 
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eggs. The mean time interval for October was 26 hours. As the 
season achances into winter there is a rapid and consistent increase 
in time between successive eggs through the month of February. 
The records for March show a pronounced shortening of the time 
interval, and April is characterized by the shortest time interval of 
the year, 2A7 hours. As spring advances into summer the time 
between eggs of a dutch increases and remains at a medium level from 
June through September. Examination of the individual records 
shows that the shortest monthly time interval recorded was 23 hours 
for one bird during June and 23.4 hours for the same individual during 
April. Several birds showed a monthly mean of 24 hours for April. 
The maximum time interval recorded was 31.7 hours for one bird 
during February. The mean time interval for the entire year was 
26 49 hours. 

The mean monthly egg production of the same group of birds is 
shown in figure 1. For the winter season up to March 1 there is a 
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tendency for monthly egg production to decrease as the time between 
eggs becomes greater. The spring season of normally heavy laying 
<luritig March, April, and May is accompanied by a shortened interval 
between eggs. The mean egg production during March was 22.34 and 
during April it was 21.97. I luring dune, July, and August egg produc¬ 
tion approaches the mean for the year, which is 10.15 eggs, and the 
interval between eggs is close to the yearly mean of 20.49 hours. 

In general, the data in figure 1 show that heavy egg production 
is associated with a short interval between successive eggs in a 
manner similar to the association between large clutch size and high 
egg production pointed out by Hays and Sanborn/ 

INTERVAL BETWEEN EGGS IN WINTER AS RELATED TO SIZE OF 

WINTER CLUTCH 

Data are available on 409 individuals representing a normal 
sample for time interval, as figure 2 indicates. The x 2 test gave a 
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value for P of 0.3688. Table 1 presents the mean eluteh si/e oi 
the different time-interval classes for 394 birds. The data show a 
constant decline in clutch size as the time between eggs increases 
up to about 28.5 hours. When the time is greater than 28.5 hours, 
clutch size shows no orderly decrease 


Tabu 1 Time lutiunt iqqs ns ulnted to uintei eliiteh size and nnitei mod 






nt !<l 

\ hi ids 





Time 


Tgg 

dutch 


1 

"J line 




I line 



bo 

tween 


Winter 

l>0 

tween 


1 gg 

I dutdi 

j \V inter 

he 

tween 


l gg 
c lut< h 

eggs 

during 

Bird, 

size 

in 

egg 

produt 

turn 

eggs 

during 

Birds 

si/e 

1 in 

' <‘gg 
])rodii( 
turn 

eggs 

during 

Birds 

si/e 

in 

winter 

| 

winter 

wintu 


w intei 

winter 


w intei 

1 

(hours) 




(hours) 



1 

(hours) 



\ umber 

A umber 

1 1 

\ umber 

1 

1 

\ umber 

\ umber 

A umbei , 


\m mbe r \ umber 1 

24 0 

1 

10 r »<) 

(» r > r »0 

1 2f > 


2 77 

r >9 

20 0 

17 

1 41 

21 r ) 

17 

< 00 

H r > *)0 

27 0 

>1 

2 2 r i 

()0 01 

20 *> 

b 

i no 1 

2 r > 0 

21 

r i 00 

S7 24 

| 27 r > 

47 

2 00 

r .l Kb 1 

10 0 

A 

in. 

2 r > 

1 i7 

1 M 

74 42 

1 2K 0 

r »l 

1 h r > 

40 12 1 

10 r . 

1 11 0 

1 1 

1 M) 

2b 0 

50 


7(> 90 

2S r 

21 

1 1.1 

41 15 

1 

1 00 1 


w inlet 
t'M- 

prodin 
lion 


N it mhtt 
12 >b 
1 W 
10 r n) 
l r » M) 
2 r » r >() 


Figure 3 presents the same data m graphic iorm The rate ol 
decrease in clutch size with increased time intervals does not billow 
a straight line, but rather a hyperbolic curve The equation of the 



curve shown in the figure is if -t) 52 jy 1 90.07j/ 1 5 82^ 32(i 19 j 

—4,656.01. This curve fits the actual data very closely for the 
clutch-size classes that correspond with time-interval classes up to 
28.5 hours. This includes 3Gf> out of a total of 394 birds. 

These data furnish evidence that large clutch size definitely 
depends on short time intervals between eggs and that clutch size 
does actually measure the rate of functioning ol the female reproduc¬ 
tive system. The mean winter time interval was 20.9 hours. 
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INTERVAL BETWEEN EGGS IN WINTER AS RELATED TO WINTER 

EGG PRODUCTION 

In table 1 is shown the mean winter egg production for the dif¬ 
ferent classes of layers with respect to time between eggs. There 
is a generally consistent and regular decline in winter egg production 
as the time between eggs increases. With an increase in time from 
24.5 hours to 29.5 hours there was a decrease in winter egg production 
from 85.5 eggs to 35 5 eggs. These data indicate that any increase in 
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the time intmal between eggs in a clutch is likely to be followed 
Icy a significant decline in egg production 

INTERVAL BETWEEN EGGS IN WINTER AS RELATED TO 
HATCHING-SEASON EGG WEIGHT 

A group of 47 of these birds was used for breeding m the spiing 
of 1927 The eggs were weighed during the last week of February 
and the lirst week of March to secure an approximation of the egg 
weight of each bird during the hatching season extending from 
Februan 22 to March 20 
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In table 2 the mean egg weight of the birds classified with respect 
to time interval is presented. As the table shows, no birds were 
used for breeding that had a time interval greater than 27.5 hours; 
all were, therefore, intense layers. The maximum egg weight of 
55.2 g occurred in the group with an average interval of 25.5 hours. 
When the interval was less than 25.5, or more than 20.5 hours, egg 
size was significantly below average. These limited data confirm 
the idea that very rapid laying is likely to be associated with small 
eggs, as Hays 4 has pointed out. 

INTERVAL BETWEEN EGGS IN WINTER AS RELATED TO HATCH- 
ABILITY, PERSISTENCY, AND ANNUAL PRODUCTION 

The relation between the mean time between eggs up to March l 
and percentage of fertile eggs that hatched is set forth in table 2. 
There is some evidence that the eggs of birds that lay successive eggs 
at 24.5- or 27.5-hour intervals may be low in hatehahility. This is 
in agreement with the findings of Hays and Nicolaides that birds 
laying eggs developed only to the pregastrula or early gastrula stage 
an* likely to have low records of hatehahility. The data further 
tend to show that when the eggs are laid at intervals greater than 27 
hours the hatehahility may be low. The most satisfactory hatch- 
ability was obtained from individuals ha\ing a mean time interval 
from 25 to 20.5 hours. 

Persistency records covering the 305-day laying year are a\ailable 
for 240 birds. In table 3 the mean persistency record for the differ¬ 
ent winter season time-interval classes is recorded. The data show 
a consistent decrease in persistency with each increase in winter time 
interval up to about 27.5 hours, after which the decrease is less orderly. 
The data point to an important association between rapid rate of 
laying in winter and persistent laying at the end of the year. Such a 
relation is of considerable economic importance. 
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season and annual egg production is also shown in tabic 3. There is a 
generally regular decline in egg production with eacli increase in 
interval between eggs, in other words, the ability to manufacture 
eggs in rapid succession during the winter season is a very good irnli- 
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cation that the bird will have a high annual egg record. The data 
show that an increase in time interval between eggs from 24.5 to 28.5 
hours gave a decline in annual egg record from 239 eggs to 166 eggs. 
As the time interval becomes greater than the population mean of 
26.9 hours there is a slight falling off in the rate of decrease in egg 
production in relation to increase in time interval. 

SUMMARY 

The mean time interval between eggs laid on successive days was 
calculated on 394 Rhode Island Reds from first pullet egg up to March 
1. Monthly time intervals were determined on 119 of these birds 
which were housed together. A study was made of the relation of 
the time interval between successive eggs to several fecundity and 
reproductive characters. A number of significant relationships were 
observed, as follows: 

(1) Monthly time interval between eggs reached the lowest level 
during April and stood at a relatively low r level during the months of 
maximum egg production. The greatest time interval occurred dur¬ 
ing months of lowest production. 

(2) Short time intervals between eggs for the winter seaawn were 
characteristic for birds showing large clutch size. 

(3) Short time intervals between eggs up to March 1 were char¬ 
acteristic of heavy winter producers. 

(4) A meun winter season time interval of 25.5 hours or more was 
associated with maximum egg weight during the hatching season. 
When the time interval fell below 25.5 hours or was above 26.5 hours, 
there was a decrease in egg size. 

(5) There was some evidence that a winter time interval as low as 
24 5 hours may be associated with low hatchability. 

(6) In the birds studied each increase in winter time interval 
tended to be followed by decreased persistency. 

(7) Short winter time interval between eggs was definitely asso¬ 
ciated w r ith high annual egg production. The winter time interval 
appears to have definite value in predicting what the egg record may 
be at the close of the pullet laying year. 



ACCURACY OF THE DETERMINATION OF LEAD AND 
ARSENIC ON APPLES 1 

By Donald E. H. Freak and W. S. Hodukiss, Department of Agricultural and 
Biological Chemistry, Pennsylvania Agricultural Experiment Station 

INTRODUCTION 

The Accuracy of the Gutzeit method for the determination of 
small amounts of arsenic has been studied by serveral workers U, 3 , 
4, 8), 2 but the accuracy of the determination of similar small amounts 
of lead has apparently not been investigated. Federal and State 
regulatory bodies have now concerned themselves with the amount 
of lead present on edible fruit as spray residue and have set up limits 
which legally may not be exceeded. 

The legal limits for lead and arsenic trioxide during the season of 
1935 have been set at 0.018 and 0.010 grain per pound, respectively. 
In view of these limits, and the fact that the limits for lead are being 
gradually reduced, the accuracy of the determinations of these 
elemenls becomes important to the chemist, for the analytical re¬ 
sults must be interpreted in relation to these legal tolerances. 

Any study of the accuracy of these determinations naturally di\ides 
itself into two parts: The accuracy of the sampling, and the accuracy 
of the determination itself. The summation of the errors in these 
two phases of the work represent the errors in the linn] determination. 

Lead, when present on the surface of apples as spray residue, may 
combine chemically with the waxy coating of the fruit (5), and thus 
it presents a different problem from arsenic, which apparently does 
not so combine. In this study the accuiacv of the chemical deter¬ 
mination of lead will be discussed first, followed by a discussion of 
the accuracy of the estimation as a whole (including sampling) of 
both lead and arsenic. The accuracy of the chemical determination 
of arsenic by the Gutzeit method has been discussed at length (4, 7), 
and will not be considered here. 

ACCURACY OF THE CHEMICAL DETERMINATION OF LEAD BY 
THE PHOTOELECTRIC METHOD 

The photoelectric method for the determination of lead on fruit, 
proposed by Frear and Ilalev (ft), is briefly described in order that 
its advantages and limitations may be better understood. 

Light from an electric bulb, regulated by a suitable rheostat, is 
allowed to shine upon the surface of a photronic cell (Weston no. 594), 
which is connected directly to a microammetcr * ning a capacity 
of 200 microamperes. Between the source of light and the photronic 
cell is interposed a cylindrical ghiss tube containing the solution to 
be analyzed for lead. The reading of the microammeter is brought 
to the maximum of the instrument through an adjustment of the 

1 Received for publication Nov 13, 1935, issued Maj HUG Technical Paper No. G47 of the Pennsjl- 
\ami! Agricultural Experiment Station 
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intensity of the light by means of the rheostat. To the solution 
in the tube is then added sufficient sodium sulphide to precipitate 
completely the lead present as colloidal lead sulphide. The browp 
colloidal precipitate reduces the amount of light passing through the 
solution and falling upon the surface of the photronic cell. The 
relation between the amount of light transmitted, as measured by 
tlie microammeter connected with the cell, and the amount of lead 
present may be easily determined by standardization with known 
amounts of lead. 

It is apparent that two sources of error are inherent in the method: 
The sum of the errors due to variation in technique, reagents, etc., 
which may be called the error of operation; and the error of stand¬ 
ardization. 

To determine the probable error of a single or of the mean of 
duplicate determinations at a level which will fall within the range 
of practical work, 50 determinations were made on solutions each 
containing 0.0004 g of lead as lead acetate (table 1). These solutions 
were each carried through the entire analytical procedure, including 
the digestion with concentrated sulphuric and nitric acids, which is 
used on samples of apple wash to destroy the organic materii^L The 
quantity of lead was selected at 0.0004 g since this is equivalent to a 
concentration of 0.020 grain of lead per pound of apples when an 
aliquot of the apple wash representing 140 g of apples is taken for 
analysis. 
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By the use of the formula P. } n which the standard 

v» __ 

deviation is calculated by the formula the probable error of 

the microammeter readings obtained by analyzing the 50 samples 
was calculated. The mean value was 54 ±0.13 microamperes, with 
a probable error of a single determination of ±0.89 microampere, 
and of the mean of duplicate determinations of ±0.63 microampere. 
Since with the instrument used it was not possible to make readings 
more closely than 1 microampere, the probable error of even a single 
determination was less than a measurable value. 
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To translate tlie microammeter readings into terms of lead con¬ 
centration, a standardization curve was used which had been con¬ 
structed by using the mean of 10 determinations at 5 different con¬ 
centrations. The microammeter reading on this curve corresponding 
to 0.0004 g of lead was 54 microamperes. By the same formulae as 
tibove, the calculated probable error of a single determination was 
±0.00116 mg; and that of the mean of duplicate determinations w T as 
m 0.0026 mg. 

The probable error of the determination as a whole is further 
affected, by definition, by any error in the preparation of the curve 
of standanli/ation. To include this factor, the formula P. E. 
— \ ( P . E sY I (/\ E.u\Y, in which P. E. is the probable error of the 
method as a whole, P. E s is the probable error of a single determina¬ 
tion, and P E. 10 is the probable error of the 10 determinations made 
to establish the point of reference on the curve of standardization. 
When the calculation is carried out, the tiue probable error of a 
single determination is ± 0.0038 mg. When the probable error of 
duplicate determinations is calculated, the value is ±0.002S mg. 

A comparison of the relative accuracy of the lead method with that 
of the modilied Gutzeit method for the determination of arsenic studied 
by Barnes and Murray (4) indicates that when the quantities deter¬ 
mined are considered the method for lead exhibits a relatively higher 
accuracy than the method for arsenic. Barnes and Murray state that 
with a solution containing 0 0273 mg of As/)<, the probable error of 
duplicate determinations was ±0.0023 mg and, when tho probable 
error of standardization was considered, the true probable error of the 
determination was ±0.0025 mg, the mean of 10 individuals being 
used to locate each point on the standaidization curve. The corre¬ 
sponding figures found for the lead determination, in which the stand¬ 
ard solution contained 0.4000 mg, calculated in the same manner, were 
respectiv ely 10 0020 mg and ±0 0028 mg. 

ACCURACY OF THE FINAL RESULTS FROM THE ANALYSIS OF 

LEAD AND ARSENIC 

To include the errors due to sampling, which obviously affect the 
accuracy of the final values for lead and arsenic, the procedure de¬ 
scribed below w as followed. 

Samples of apples, ranging in weight from approximately 7 to 20 
kg, were selected, usually picked from the lower limbs of trees in the 
orchards Ordinary precautions were taken in handling, and apples 
of nearh the same size were selected. These samples were taken to 
the laboratory, and from them two lots of 700 g each were taken, 
and each washed thoroughly with boiling 1.5-percent hydrochloric 
acid with 1.0 percent of sodium Miloride added. The washings, wiien 
cool, were made up to 500 ml with acid of the same concentration. 
The lead was determined on an aliquot by the method described 
above ((>), aud arsenic was determined by the Gutzeit method as de¬ 
scribed in the Official Methods ( 1 ). In all, 104 lots were analyzed, 
with a wide range of lead and arsenic content. The results are given 
in table 2. For convenience, the first of tho duplicate lots is desig¬ 
nated as A, the second B. 

The mean AS 2 O,, content of the A samples was 0.00950 grain per 
pound, and of the B samples 0.00938 grain per pound. The meau of 
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the average of the A and B samples was 0.00944 grain, and the aver¬ 
age deviation was 0.00070 grain, or 7.4 percent of the mean. For 
lead, the mean of the A samples was 0.02255 grain per pound, and 
for the B samples 0.02235 grain, while the mean of the averages of the 
A and B samples was 0.02246 grain per pound. The average devia¬ 
tion was 0.00152 grain of lead per pound, or 6.8 porcent of the mean. 


Table 2.- Arsenic and lead (grain per pound) 1 found in duplicate samples of 
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Table 2 . —Arsenic and lead (grain per pound) found in duplicate samples of 

apples— Continued 




Arsenic as AS 2 O 3 



Lead 
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The ratio Fb/AsjOs in the menu values is 2.37/1, and the ratio 
average deviation Tb/average delation As^Os is 2.15/1. These 
ratios, as well as the percentage \ alnes given in the previous para¬ 
graph, indicate that the error of the lead determination is not so 
great as that of the arsenic determination. Apparently the error of 
sampling afreets the accuracy of the d> termination of these elements 
to much the same degree, and the increased accuracy of the lead 
determination reflects the greater accuracy of the chemical part of 
the procedure, mentioned previously. It is to be noted that the mean 
values for both arsenic and lead are close to the amounts permitted by 
law, and therefore the estimations of accuracy should be particularly 
applicable to samples falling in this range. 

SUMMARY AND CONCLUSIONS 

The errors incident to the determination of lead and arsenic as 
spray residues on apples are due to two sources: Errors of sampling 
and errors in the chemical determination of the elements. The latter 
may be further divided into errors of technique and errors of standardi¬ 
zation. 

When the chemical determination of lead by the photoelectric 
method is considered separately, the probable error was ±0.0028 
mg, when samples each containing 0.4000 mg of lead were analyzed. 
For the entire procedure, including both the chemical determination 
and the sampling, the mean amount of As 2 0 3 present was 0.00944 
grain per pound of fruit, with an average difference between dupli¬ 
cates of 0.00140 grain per pound. For lead the mean values were 
0.02246 grain per pound of fruit, with an average difference between 
duplicates of 0.00304 grain per pound. These are the mean values of 
164 apple samples analyzed in duplicate. 

The lead determination was slightly more accurate than the 
Gutzeit arsenic estimation, even when the errors due to sampling were 
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considered. The average deviation of individual arsenic determina¬ 
tions from the mean of duplicate determinations was 7.4 percent of 
the mean; for lead it was 0.8 percent of the mean. These data are 
based on the analysis of 104 samples. 
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THE DIURNAL CYCLE OF THE POwfcsjpY (MILDEW 
ERYSIPHE POLYGONlX - 

By Cecil E. Yarwood ' 1 ^ 

Formerly agent , Division of Foragi Crops and Diseases , Bureau of Plant Industry , 
Umtfd States Drpartmnit of Agriculture 


INTRODUCTION 

Studies of the strains of Erytnphe polygoni DC\ parasitizing red 
clover (Tr[folium pratense L.), cabbage (Brassica oleracea ca pi tat a L.), 
and larkspur (Delphinium sp.) have shown that certain phases of 
fungus activity regularly occur at a certain time during the day. 
This developmental rhythm is called the diurnal cycle of li. polygon i, 
and its manifestation w itli respect to the genninability of the conidia, 
the formation of appressoria, and the formation and dissemination of 
conidia is described herein. Certain other phenomena, such as the 
time of day at which infection may occur and the transpiration of 
diseased leaves, also show a diurnal cycle. The cause and some of 
the limitations of this cycle are discussed. 


GERMINABILITY OF CONIDIA 

Conidia from field clover plants were shaken onto dry glass slides 
at 2- or 3-hour intervals throughout the day. Of four slides of 
conidia collected at each time, two were left fully exposed to the 
natural environment in the field and the other two were placed in 
Petri dish moist chambers held at 23° C. in the dark. Of 200 or 
more conidia on each slide, those germinating were counted on one 
slide of each pair after 3 hours (germination interval) and on the 
other slide after f> hours The results of one such test on August 22 
to 23, 1933, are given in columns 2, 3, 4, and 5 of table 1. In this, 
as in other tests, conidia taken from field plants during the light por¬ 
tion of the day gave a higher germination than those taken at night. 
Conidia collected during the night, late morning, and early afternoon 
and exposed in the field showed little or no germination after either 
3 or 6 hours; those exposed to the heat of the day were severely 
shriveled, but those exposed at night, when the temperature was 
much lower, remained turgid. Conidia collected between 10 a. m. 
and 8 p. m. germinated well in the moist chambers at 23° C., while 
those collected at night germinated poorly or not at all. There was 
but little increase in germination after 3 hours. 

In several tests the cycle of germinability of conidia from field 
plants was compared in light and in darkness. The spore mounts 
exposed to light were in Petri dish moist chambers 93 cm from eight 

i Received for publication Dec 13, 1935 issued Tune 1936 Joint contribution from the Division of 
Forage Crops and Diseases, Bureau of Plant Industry, U. S Department of Agriculture, and the Depart¬ 
ment of Plant Pathology, University of Wisconsin. 
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wore measured and the appressoria counted in individual fungus 
colonies. The average size of the colonies and the number of appres- 
soria were determined, after staining, from measurements and counts 
on each of 5 to 10 colonies on each of 4 to 10 leaflets removed at each 
time of sampling The rate of growth of mildew colonies was fol¬ 
lowed in this way in three tests These tests gave similar results 
The data of one‘test are given in table 3 The length of hyphae 
increased at a fan ly uniform rate in light and in darkness, but appres- 
sona were formed almost entirely m the light only 

When inoculated plants were exposed to 6-hour periods of alter¬ 
nating light and darkness the rate of increase of colony size and 
number of appiessoria was less than on plants in a 12-hour day, 
especially at the beginning of the test, and appressona were formed 
in about equal numbers in light and in darkness 


Tam v 3 Elongation of tin hi/phai of Erysiphc polygon! and formation of 
appussoria m light and m darlcnas, Madison, ir*s , IDSlf 
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In determining the effect of light on the rate of colony growth by 
the previous method, growth was measured as the total increase in 
the length ol hyphae per colony on the sampled lea\es, but the rate 
of elongation of individual hyphae tips could not be followed by 
that method In another test young recently inoculated leaves were 
excised from plants and floated on water in dishes in the control 
chambers Several individual hyphal tips w T ere selected, their posi¬ 
tions were marked by means of drawing at the beginning of the test, 
and the subsequent growth measured at intervals thereafter. In 
measurements of 30 hyphal tips at about 3-hour intervals throughout 
the 24 hours of the day, the hyphae grew at an average rate of about 
20m per hour, and no significant difference in the rate of growth in 
light and in darkness could be detected. 

The total length of hyphae and the number of appressoria per 
colony were determined in two experiments in wilich the host plants 

I ilaced in the control chambers were given light exposures of various 
engtlis. The results of one experiment are given in table 4 At 
32 hours after inoculation the fungus colonies on the plants held in 
continuous darkness after inoculation w r ere smaller than those exposed 
to even 4 hours of light per day, and at 48 hours after inoculation the 
differences were very large. At 48 hours after inoculation the size of 
the colonies (the total length of hyphae) increased with the length of 
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light exposure from 699m per colony in darkness to 1,880m in a 12- 
hour day, and then decreased with increased light to 1,600m in con¬ 
tinuous light. The number of appressoria per colony showed the 
same general trend, increasing from 3.3 in continuous dark to 10.4 
per colony in a 12-liour day, and falling to 2.1 in continuous light. 
The average length of hvpliae per appressorium showed more clearly 
than did the size of the colonies or the number of appressoria per 
colony the effect of the length of day on mildew development. For 
example, on the plants in continuous darkness, the milder colonies, 
which never reached the speculation stage, developed an average of 
212m of hyphae per appressorium. On plants in 4, 8, 12, and l(i 
hours of light per day, the colonies, which later showed a well-marked 
diurnal cycle of speculation, had from 10f)M to 190 m of hyphae per 
appressorium. In contrast, the colonies developing on plants in light 
exposures of 20 and 24 hours per day, which showed a greatly dis¬ 
turbed cycle of sporulation, as describee! later, had 024m and 714m of 
hyphae per appressorium, respectively. 

Table 4 Relation oj Ungth of dag to mycdial dongation and apprt xsorium 
formation of Krympht polygoni 
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The increase in the size of the colonies as the period of exposure to 
light was incieased from 0 to 12 hours per day is interpreted by the 
writer as mainly due to the nutritional conditions of the fungus, the 
increased exposure to light resulting in a greater supply of carbohy¬ 
drates in the parasitized leaves. That light is in itself not necessary 
or even very stimulatory for mildew' grow th has been shown by dish- 
culture experiments in which some inoculated leaflets floating on sugar 
solutions were exposed to the natural light of the laboratory and others 
were exposed to total darkness. The mildew development was 
luxuriant and similar in both cases, although slightly better on the 
leaves exposed to the light. The decrease in colon> size as the light 
exposure w r as increased from 12 to 24 hours per-day may have been 
due in part to the few appressoria, and hence also the few haustoria 
through which the fungus could draw its food supply. 

The small number of appressoria per colony in continuous darkness, 
while much less than for colonies in alternating light and darkness of 
4 to 16 hours of light per day, is not greatly less when the size of the 
colonies is taken into consideration. The small number of appres¬ 
soria per colony, however, both in absolute numbers and in proportion 
to the size of the colony in 20 and 24 hours of light per day appears 
at present to be a manifestation of a disturbed diurnal cycle of the 
fungus. It is interesting that while in a 12-hour day appressoria were 
formed almost entirely during the light period, yet in 20 or 24 hours of 
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light per day there were fewer appressoria formed per colony or per 
unit length of mycelium than in continuous darkness. Certainly, 
normal appressoriuin formation can hardly be a direct response to 
light, neither does it appear to be favored by darkness; it must be 
dependent on the alternation of light and darkness, which is necessary 
for the manifestation of the normal cycle of the mildew fungus. 

FORMATION AND ABSTRICTION OF CONIDIA 

Sporulation of clover powdery mildew begins about 5 days after 
a susceptible plant has been inoculated. The initiation of the conidi- 
ophores has not been followed by the winter, but the changes under¬ 
gone by the mature conidiophores throughout the day have been 
observed on plants growing in the field, in the greenhouse, and in the 
control chamber. To observe the conidiophores, leaflets with young 
vigorous mildew colonies were folded of a slide with the undisturbed 
conidiophores on the upper surface on the leaf projecting beyond the 
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Jmm k* I Dmgrnnmmtu repiesent ition of the pbstrution of tonidm and of the changes in the conidio 
nhore throughout the duv us observed on mildewed (love? pi uits in the field at Madison, V\ is Spptein 
her 4, 1931. The generative <*ell (i) is the third cell from below 

edge of the lold, where they could be examined with the low - or high- 
power objectives of the microscope The diurnal changes observed 
in the conidiophores on field plants on September 4, 1933 (13-hour day, 
sun rose at 5:25 a. in. and set at 6:28 p m.), are illustrated in figure 
1, and are quite typical of numerous observations made earlier and 
later in the season outdoors and in the greenhouse. The conidia 
were abstricted between 8 a. m. and 12 m. The abstricted conidium 
appears to remain passively attached to the conidiopliore until it is 
dislodged by air currents or by disturbances of the leaves. After the 
abstriction of the conidium, the terminal cell of the conidiophore 
gradually increased in diameter (mostly during the light portion of the 
day) to form a new conidium which was abstricted the following 
morning. Thus each normally functioning conidiophore abstricts one 
conidium per day. The generative cell increased gradually in length 
and divided into two cells about 4 p. m. by a septum nearer its distal 
end. The basal cell showed no change in its gross morphology 
throughout the day. 

Variations in this process are caused by seasonal and daily weather 
changes, but these have not been studied. However, on all days on 



May 1 , me 


Diurnal Cycle of Powdery Mildew Etysiphe polygoni 651 


which the maturation of conidia was followed in the field in 1933 the 
conidia were not abstricted at 8 a. m. and were completely abstricted 
at 12 m. In the control chamber in a 12-hour day conidia were all 
abstricted 4 hours after the beginning of the light period. 

The diurnal cycle of the abstriction of conidia is extremely definite 
and easily observed on vigorous mildew colonies and during clear 
weather. The developmental changes in the conidiophore are gradual, 
but the abstriction of conidia and the division of the generative cell 
are very specific processes which are generally complete on 90 percent 
of the conidiophores within the period of 2 hours for each process. In 
dull cloudy weather the diurnal cycle of the maturation of conidia is 
much less regular 

The diurnal cycle of the formation of conidia, like the diurnal cycle 
of coni dial germinability, is dependent on the alternate light and 
darkness of the normal day. In the environmental control chambers 
wutli day lengths of 4, 8, 12, 10, and 20 hours, there w T as definite 
diurnal cycle of conidium formation, but m continuous darkness, in 2 
hours of light per day, 22 hours of light per da> , and continuous light 
no cycle of conidium formation w as apparent When plants subjected 
to a 12-hour day w T ere given their daily light exposure from 8 p. m. to 
8 a. m. instead of from 8 a m. to 8 p m , as was usually done, conidium 
formation followed a cycle, the various stages of which occurred 12 
hours later than in the normal 12-hour da>. 

SPORE DISSEMINATION 

Determinations of spore dissemination weie made in the field during 
June, July, August, and September 1933,by counting t lie conidia caught 
during known intervals of time on slid > placed m a field plot of mil¬ 
dew ed clov er. Three slides were placed on the ground at three different 
locations in the field and were changed at about 4-hour intervals during 
the day and less frequently at night. The determinations covered 
six series of observations of 1 day or more each, totaling If) days in 
all The results for 1 day or more in each of five of these series are 
given in table 5. In all cases the greatest liberation of spores occurred 
during the day, the maximum dissemination occurring about 12 m. 
This is a little latei than the time of maximum spore maturation. 


Tamle 5 — Sport disst ruination from vnltlt and clover plant s in the fit Id as dttn rmnttl 
by nurnbtr of conidia caught at drfftunt turns throughout the day and night 


Senes 

Period m which conidiu were 

A veruge 
number 

c aught | 

of c o 


12 it m to 6 i m , June 16 i 

India 1 

0 o') 


o a m to 10 a m , June 10 

6 4 1 


110 a m to 2 p m , June 16 > 

15 6 

No 1 

<2 p in to ft p m , June 16 __ 

% 5 


6 p m to 10 p in , June 16 

. 11 


10 p in , June 16, to 8 a in , June 
17 

16 1 


2 a ni to 4 a in , June 28 

5 0 


4 a in to 10 d m , June 28 

12 0 

X ,. o 

10 a in to 12 in , Tune 28 

1 

AO W 

12 ni to 2 p m , June 28 

43 4 


2 p m to ♦ p m , June 28 

61 2 


4 p in to 6 p m , Tune 28 

.44 1 


sp m , July 5, to8 a in , July 6 

11 2 


8 a m to 12 m , July 6 _ 

70 0 

No 3 

■ 12 m to 4 p m , Julv 6 _ 

58 7 


4 p m to 8 p m , July 6 _ 

41 8 


8pm, July 6, to 8 a m f Jub 7 

21 q 


1 Caught per hour per bquare centimeter of slide 


Series 

Period in which conidia were 

\ v erage 
number 

t aught 

of ro- 


(7 p m , lu 0 15, to 10 a in , Juh 

nidia 1 


16 

1 6 


JO a ni to 1 p in , JuJv 16 

47 4 


1 p in to 1 p in , Inly 16 

44 4 

No 4 

t p in to 6 p ni , July 16 

25 4 


6 ]) in to 8 p m , Julv 16 

9 4 


K p m to 10 p in , July 16 _ 

A 1 


10 p in , July 16, to 6 a in . Julv 
17 

1 6 


(9 p m , Sept 6, to 6 a. in , Sept 

7 


6 p m to 12 m ,Sept 7 

8 8 

No 5 

(12 in to 4 p m , Sept 7 

12 0 


4 p in to 7 p in , Sept 7 

5 U 


7 p m to 11 p m , Sept 7 

1 4 


\ 11 p in to 7 a in , Sept 8 _ 

7 
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EFFECT OF TIME OF INOCULATION UPON INFECTION 

Field plants, potted plants, excised leaves with their petioles in 
water, and excised leaflets floating on sucrose solution have been used 
extensively in inoculation experiments. For the tests of the relative 
success of inoculations at different times during the day, most of the 
inoculations were performed by dusting healthy leaves with spores 
from field or greenhouse plants, but in some cases selected leaflets 
were inoculated by touching them with a heavily mildewed leaf. The 
severity of mildew resulting in 4 to 7 days was estimated by the 
method considered most satisfactory for the particular test. In some 
cases the individual leaflets were rated for their relative mildew 
severity and the values averaged for each unit of a test. With mass 
inoculations on potted plants the mildew was estimated for each pot 
as a unit. With inoculations on individual leaves on field plants, one 
leaflet was left uninoculated as a control on which to estimate con¬ 
tamination 

The results of these tests are given in table 6, where the values for 
mildew development in different tests are brought to the same basis 
by considering the mildew development on the optimum unit of each 
test as 10 and expressing the results of inoculations made ^ other 
periods in relation to this maximum infection. 

Table (> b'ffecl on mildew development of the period of day when inoculations 

were modi 


Relative amount of mildew resulting from 
inoculations at 1 — 






Date of test 

Lo it ion 

Host material 

1 to r ) 

1 

5 to 9 

9 a m 
to 

1 p m 

1 to 5 

5 to 9 

9 p m. 
to 

1 a m. 




a tn 

a m 

p m 

p III 

1912 









June 24 

b leld 

b m ised leaves 

i 

() 


10 0 

f> U 

0 7 

Julv 2 

do 

do 




7 5 

10 0 

4 5 

I)o 

do 

do 


1 i 

2 7 

4 0 

t 0 

r > 7 

Jul> 9 

do 

do 

1 



8 5 

10 0 

t 9 

\ 

2 9 


7 2 

4 7 

2 9 

19J1 





' 




June r > 

do 

1 leld plants 


6 4 


1 2 

10 0 

1 0 

June 12 

do 

do 




f) 2 

10 0 

10 0 

June 14 j 

| do 

do 




10 0 

r > 2 

7 2 

Julv 0 . 

do 

Potted plants 

1 



10 0 

JO 0 

4 0 

Aug 25 

do 

H leld plants 

l « 4 



5 1 

10 0 

1 1 

Do 

do 

Potted plants 




10 0 

5 2 

5 8 

Sept 1 

do 

do 

* 2 

7 2 

9 8 

8 0 

10 0 

6 4 

Sept 18 

f icld and greenhouse 

do 

1 1 F ' 

S 5 

10 0 

7 5 

1 0 

1 5 

Sept 22 

do 1 

do 

1 8 

4 1 

10 0 

5 

1 8 

2 3 

Oct 5 . 

! Oreenhouse 

do 

1 4 

7 5 

5 G 

10 0 

2 f> 

1 4 

Average 


- 

1 t) 

| 5 0 

7 0 

7 4 

G G 

,i 9 


1 10 represents maximum Infection 
* Average of l series in field ind 2 in greenhouse 


The mildew development resulting in the different tests varied 
considerably. Some infection resulted from inoculations made at 
any time during the normal day, but inoculations made during the 
period of daylight were most successful. The success of inoculations 
made during the hottest and driest periods of sunny days illustrates 
the extreme tolerance of this fungus to low humidity. 
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In the previously reported tests of mildew infection throughout 
the li^ht and dark portions of the day, the evaluation of the causes 
for differences in infection resulting from inoculations at different 
periods was difficult because of the simultaneous \ariation in the 
fungus, the host, and the environment. In a few experiments a more 
adequate separation of the influence of light from the other factors 
was obtained by inoculating two groups of plants simultaneously 
with the same inoculum and incubating them in a similar environ¬ 
ment, except that one group was placed in the natural light and the 
other was placed in darkness for the first few hours or from the time 
of inoculation until nightfall, and afterward all were exposed to the 
same environment. The results of several such tests are given in 
table 7. In most cases heavier infection resulted on plants incubated 
in the light, but generally the difference was small and in some cases 
no difference was apparent. 


Table 7. —Effect of light on mildiw inpction m 2 gioup\ of plant .s moculaUd 

simultaruouUij 1 


1 ime of inoculation 

Host material 

Additional environ¬ 
mental condition 

Relative mildew infection 
resulting in group kept 
m 



of liobt material 

1 lglit 

Darkness 

1412 





2 p in , Nov 19 

Potted plants 


10 0 

1 0 

Do . 

do 

Humid bell jars 

3 0 

1 0 

14 H 





2 p m , I eb 2 

1 \c Ised leav os 

Pitri dishes 

4 2 

2 r > 

2 p m , F «h (> . 

do. 

do 

i 1 

2 0 

11a m , teb 21.. . 

cio. . 


1 1 

1 H 

12 m , Mar 2 

do 

GC 

4 2 

2 5 

Mar 30 2 

Potted plants 

__ 

0 p > 

7 5 

Apr 15'. 

do 


0 1 

9 1 

5 p m , Apr 17 . 

do 


0 0 

9 0 

5 p m , Apr 20 

do 


9 0 

9 0 

1 r l csts were made in the greenhouse 

2 Average of 2 inoculations. 1 at 1 p in and the other at r > p m 



3 1 inoculations 1 at 10 a m , 1 at 2 p in , and 1 at 5 p 

m , did not give apparent differences due to light 


The writer believes that infection (the establishment of a nutri¬ 
tional relation between host and parasite) of red clover with Eiysiplu 
polygoni normally occurs in greatest abundance during the light por¬ 
tion of the day, and this belief is supported by the following facts: 
(1) Conidia were disseminated in greatest abundance during the light 
portion of the day; (2) germination of conidia was favored by light; 
(3) formation of appressoria was favored by light; (4) conidia taken 
from diseased plants during the light portion of the day germinated 
more readily than those taken at night; (5) the closure of clover 
leaves at night by the coming tQgether of the two lateral leaflets and 
the movement of the center leaflet to a vertical position would reduce 
the chances of air-borne conidia falling on the leaves; (6) inocula¬ 
tions made during the day were more successful than those made at 
night; and (7) inoculations made in the light were more successful 
than inoculations made in darkness. 

The relative importance of the various factors favoring infection 
during the light portion of the day cannot be determined from the 
present results, but all probably play a part. The dissemination of 
conidia during the light portion of the day and their rapid germina¬ 
tion would be important. The fact that conidial germination is 
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greatly stimulated by host leaves would reduce the importance of 
the effect of light on germination and appressorium formation and of 
the diurnal cycle of conidial germinability as factors determining 
when infection might take place. The determinations of the dis¬ 
semination of conidia and of conidial germination on dry slides in 
the field indicate that infection occurs principally in the latter part 
of the normal light period. 

TRANSPIRATION OF MILDEWED AND OF HEALTHY CLOVER 

LEAVES 

Leaves were excised from mildewed and from healthy greenhouse 
plants of the same age and general history except for inoculation, 
and were placed with their petioles in flasks of water (four leaves per 
flask), which w r ere then tightly stoppered with cotton. The transpira¬ 
tion of fixe flasks of mildewed leaves and of five flasks of healthy 
leaxes w T as followed under greenhouse conditions, and also that of 
five flasks of mildewed leax r es and five flasks of healthy leaves in the 
constant light, temperature, and humidity of the control chamber. 
Weighings were made to one one-hundreath of a gram at interx r als 
of about 3 hours and measurements of water loss were continued for 
29 hours As the ratio of dry weight to leaf area was not significantly 
different for healthy and mildewed leaves (0 434 ± 0.0095 g per square 
decimeter for healthy and 0 430 ±0 0078 g per square decimeter for 
mildewed leaxes) the Jesuits are expressed on a dry-weight basis. 
The axerage results of this test (table 8) show that in continuous 
light the transpiration of mildewed leaves was about the same as the 
transpiration of healthy leaxes, and neither show r ed any diurnal 
xanation In the greenhouse, however, the transpiration of both 
diseased and healthy leaves showed the expected general variation 
between day and night, but while the transpiration of diseased leaves 
was similar to that of healthy leaxes during the day, the transpiration 
of mildewed leaxes was much greater at night. Four other tests in 
less detail gaxe similar results. In one test in which transpiration 
at lf>° V was compared with that at 30° the increased transpiration 
at night due to mildew infection was much greater at 15° than at 30°. 

Table. S Effect of mildui infection on iht twins pi ration of clovti harts thioughonl 
tht dag, Dtc It W, W33, at Madison, 


Ellect of infeition on transpiration of clover leaves 


In the greenhouse ] In continuous light 


'1 line niton il 


11 15 a m to 12 10 p in 

12 30 p in to 3 p m 

3.10 p m to 4 50 p in.. 
4 50 p ill to 7 p m . 

7 p m to 1) p m 

9 p m to 11 30 p m 

11 30 p m. to 7 30 a in 
7*30 a ni to 10 25 a m 

10 25 a m to 12 40 p m 

12 40 p m to 3 05 p in 


W ater lost per 

Tncroase or 

XVater lost per 

gram drv weight 

decrease in 

gram drv weight 

of leav es per hour 

transpiration 

associated 

of leav es per hour 

Health} 

Mildewed 

w ith mildew 
infection 

Healthy 

Mildewed 

leaves 

leav es 

leaves 

leaves 

<trams 

Grams 

Percent 

Grams 

Grams 

5 78 

5 00 

-3 11 

2 01 

1 71 

b 19 

b 21 

+ 65 

2 55 

2 bl 

1 38 

4 11 

+21 b 

2 46 

2 lb 

1 06 

1 71 

+61 3 

2 48 

2 18 

67 

1 13 

+68 bb 

2 58 

2 71 

04 

1 17 

+82 8 



84 

1 51 

+79 76 

2 19 

2 14 

3 17 

3 07 

-1 15 

2 14 

2 25 

4 81 

4 7b 

-1 04 



5 91 

5 89 

-1 33 

1 72 

J 81 


Increase or 
decrease in 
transpiration 
associated 
with mildew 
infection 


Percent 
-14 9 
- 1-2 15 
-8 47 
-12 1 
+5 04 


-2 28 
+5 14 

+523 
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The resemblance between the effect of mildew on transpiration, as 
observed by the writer, and the effect of bordeaux mixture on tran¬ 
spiration, as observed by Duggar and Bonns 2 and others, is interest¬ 
ing. In both cases the effect is generally to greatly increase the 
transpiration of leaves during the night and to slightly decrease it 
during the light portion of the day. Because other phases of the 
development of clover mildew have been clearly shown to undergo a 
diurnal cycle as already described, the effect of mildew on tran¬ 
spiration may also possibly be due to a diurnal cycle of the fungus, 
but the work of Graf-Marin * would indicate that the cause of the 
day-and-night variation in the effect of mildew on transpiration was 
due to the smaller opening of the stomata of diseased leaves during 
the light portion of the day. 

STUDIES OF OTHER POWDERY MILDEWS 

Erysiphe polygoni was abundant on delphinium and on cabbage in 
the greenhouse in the fall and winter of 1933. These two forms of 
E. polygoni can be readily distinguished from the form on red clover 
and from each other by the size of the conidiophores and eonidia, 
and by cross-inoculation tests. To the extent that they have been 
studied—namely, in the germinathe capacity of the eonidia and the 
development of the conidiophores—they show the same diurnal 
cycle as E. polygoni on red clover. Since this cycle was apparent on 
diseased plants which were exposed to constant temperature and 
humidity but to a 12-hour day, it appears that, as with E. polygoni 
on the red (‘lover, the cause of the diurnal cycle of the fungus on 
cabbage and on delphinium is the alternat i >n of light and darkness. 

Erysiphe graminis T)(\, which is sharply different morphologically 
from E. polygon!, was also studied with respect to its development 
throughout tlie day and night. The basal cell of the conidiophore of 
E. gram inis is decidedly swollen, and the transition from immature to 
mature eonidia is gradual through several cells of the chain of eonidia. 
For this reason it is difficult to trace the development of the conidio¬ 
phore of this parasite in its relation to day and night. The results of 
several tests to determine whether E. graminis on barley showed a 
diurnal cycle in the germinative capacity of its eonidia and in its 
ability to cause infection have shown no evidence of a definite varia¬ 
tion between day and night. The germination of eonidia was 
stimulated by light, however, as was the germination of the eonidia 
of the other Erysipliaceae studied. 

DISCUSSION 

The w r riter’s present conception of the diurnal cycle of Erysiphe 
polygoni is that certain phases of fungus development tend to occur 
during the light portion of the day and in some cases at a specific 
time of the (lay. Practically all the eonidia formed during the 24 
hours of the day are matured during the latter part of the morning 
(8 a. m. to 12 m.). The division of the generative cell occurs during 
a very limited period in the late afternoon and early evening. The 

3 Dum.ar, B. M , and Bonns W W the effect of Bordeaux mixture on the rate of tran¬ 
spiration Ann Mo Bot Gard 5 153-176, illus 1918 
J Graf-Marin, A studies on powdery mildew of cekealsu N. Y. (Cornell) Agr Expt. Sta Mem. 
157, 48 pp , Ulus. 1934. 
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dissemination of conidia, on the other hand, being presumably a pas¬ 
sive process but dependent on the maturation of the conidia, on wind, 
and on the dryness of the leaf and fungus surface, is more or less con¬ 
tinuous throughout the light portion of the day, but is less at night, 
perhaps because the humidity is higher then and there is less wind. 
Appressoria are normally formed during the light portion of the day, 
and they may be formed throughout the light period, but they form 
very readily in darkness under certain experimental conditions. 

The greater activity of Erysiphe polygoni during the light portion 
of the day, and its ability to sporulate and cause infection under con¬ 
ditions of relatively low atmospheric humidity are in sharp contrast 
to certain downy mildews described by Weston, 4 in which the greatest 
activity of the fungus is in the dark and humid portion of the day. 
The basic cause of the diurnal cycle of an obligate parasite is difficult 
to determine, but the regular alternation of light and darkness appears 
necessary for the expression of the diurnal cycle of E. polygoni. The 
length of either the light or the dark portion of the day is of less 
importance, as indicated by the expression of the cycle in photo¬ 
periods of 4 to 20 hours. The great stimulatory effect of light on 
conidial germination on glass slides would indicate that the cycle 
might be due in large part to the direct effect of light on tn£ fungus, 
but the luxuriant development of mildew on leaves in total darkness 
but floating on sucrose solution would not support this idea. 

SUMMARY 

Conidia of clover mildew (. Erysiphe polygoni) germinated best when 
removed from diseased plants in the afternoon. With the onset of 
darkness the germinability of the conidia gradually decreased, reach¬ 
ing a minimum in the early morning but again rising with the onset 
of daylight. Attempts to increase the germination of conidia in the 
low phase of the germinability cycle have been successful only by 
exposing them to light or by placing them on host leaves. 

The elongation of the liyphae of clover mildew continued at a fairly 
uniform rate throughout the day and night, but appressoria were 
formed principally during the light. 

The generative cell of the conidiophore divided once each day in 
the late afternoon to form a new proximal generative cell and a distal 
daughter cell. One conidium was matured during the late morning 
on each conidiophore. 

Conidia were caught on spore-trap slides in greatest abundance 
about noon, but there w r as a continuous dissemination of conidia 
throughout the middle and latter part of the daylight period, and few 
were caught at night. 

The diurnal cycle manifest in the maturation of conidia and in the 
division of the generative cell w r as clearly evident on mildewed plants 
growing in 4, 8, 12, 16, and 20 hours of light per 24 hours, but in 
longer or shorter light exposures per day the conidiophorcs did not 
develop normally and the diurnal cycle was less evident or was no 
longer apparent. 

Inoculations with clover mildew' during the light portion of the day 
were more successful than inoculations made at night. 

♦ W’eston, \\ H. rnonrcTioN vnd disperse ok conidia in the philippinf sclerosporas of maize 
Jour Agr Research 23 239 278, illus 1923 
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The transpiration of mildewed leaves was greater than that of 
healthy leaves at night and was about equal to or slightly less than 
that of healthy leaves during the day. 

The diurnal eyeles manifest in eonidial formation, eonidial germina- 
nation, and appressorium formation were evident when temperature 
and humidity were constant, with plants growing in a 12-hour day, but 
these eyeles, as well as that of transpiration, were eliminated when the 
test plants were grown in continuous light. It is concluded that the 
alternating light and dark of the normal day are responsible for the 
cyclic manifestations of Erysiphe polygon i described here. 

So far as thcv were studied, the forms of Erysiphe polygoni on red 
clover, delphinium, and cabbage showed similar diurnal cycles, but 
no diurnal cycle of development was established with E. gram inis on 
barley. 




HOST RANGE AND PHYSIOLOGIC SPECIALIZATION OF 
RED CLOVER POWDERY MILDEW, ERYSIPHE POLYGONS 

By Cecil E. Yarwood* 

Formerly agent, Division of Forage Crops and Diseases, Bureau of Plant Industry, 
United States Department of Agriculture , and assistant m botany, Purdue Uni¬ 
versity Agricultural Exptriment Station 1 

INTRODUCTION 

Since 1902, Neger (7) 4 and numerous other workers have shown 
that the morphologic species Erysiphe polygoni DC., parasitizing, 
according to Salmon (5), some 357 species in 157 genera, consists of a 
large number of physiologic races. Single races, may, though rarely, 
infect host species of different genera within a single plant family or 
may infect several species within a genus or, more rarely, may be 
limited to a single host species. Blumer ( 1 ), however, has divided the 
Eryxiphe polygoni of Salmon into several species on the basis of the 
perfect stage. 01 these, E. martii Lev., confined to species of the 
Leguminosac including red clover (Tr folium pratenxe L.), consists of 
several physiologic races (2). 

The purpose of the present investigations was to add to the knowl¬ 
edge of the identity of the powdeiy mildew of red clover in the United 
States by studies of the host range and possible physiologic forms of 
the causative organisms. 


HOST RANGE 

The host range of the powdery mildew parasitizing red clover has 
been extensively investigated, but with extremely variable results. 
All investigators except Blumer (/), however, agree that the form 
found on red clover is limited to the host genus Trifolium. Salmon 
(.9), Mains (5), and Blumer (1) used entire plants as hosts. Hammer- 
lund (2) and Searle (10) used both entire plants and excised leaves in 
Petri-dish moist chambers. In a previous study the writer used entire 
plants in the field and the greenhouse, and excised leaves on sugar 
solution in dish cultures (11). 

In the greenhouse and in dish-culture tests leaves of five plants of 
each host species were inoculated in most cases, and infection was 
considered positive if one or more plants of a species were infected. 
In the field a record was kept of the natural mildew infection of plants 
in a plot containing a number of Trfolium species adjacent to a plot 
of heavily mildewed red clover. That the mildew occurring on these 
Trfolium species in the field resulted from infection with conidia from 
red clover is not certain but appears very likely. 

i Received for publication Oct. 7, 19.15, issued June, 191f> Joint contribution from the Division of 
Forage Crops and Diseases, Bureau of Plant Industry, U S Department of Agriculture, and the botany 
department, Purdue University Agricultural Experiment Station. 

i The writer wishes to express his indebtedness to E. B. Mams, formerly agent, Division of Cereal Crops 
and Diseases, and to A. J, Pieters, principal agronomist, Division of Forage Crops and Diseases, Bureau 
of Plant Industry, for assistance during the course of this work 
3 Now associate in plant pathology, California Agricultural Experiment Station. 

< Reference is made by number (italic) to Literature Cited, p. 664. 


Journal of Agncultun 1 Research, 

Washington, D. C. 

( 659 ) 


Vol 52, no 9 
May 1,1936 
Key no. G-1012 



660 


Journal of Agricultural Research 


Vol. 62, no 


Tlu* greenhouse inoculations were performed by dusting youn 
plants of the Trifolium species with conidia from mildewed red clovei 
No precautions against contamination were taken, but, as red clove 
powdery mildew was the only form of Erysiphe polygoni in the green 
house at the time of these tests, contamination was unlikely. 

In the dish-culture tests, leaflets were excised from mildew-fre 
greenhouse plants, inoculated by toucliing their upper surfaces wit! 
a heavily sporulating mildeweo leaf of red clover, and floated 01 
10-percent sucrose solution in Syracuse watch glasses in the diffusi 
light of the laboratory at about 20° C. Inoculated leaves wer< 
examined for infection about 10 days after inoculation. 

In table 1 the Trifolium species tested are listed in the order ol 
their apparent susceptibility, and the summarized results of othei 
investigators are tabulated for comparison. It is difficult to express 
quantitatively the relative susceptibility of these species, but it maj 
be said that T. In pinaster L. was almost if not quite as susceptible as 
T. prate use, that T. hybridum L. was much less susceptible, and that 
such species as T. repens L. anti T. incarnatum L. were definitely 
resistant although sporulation of Erysiphc polygoni on excised leaflets 
of these species was observed in dish cultures. Each species tested in 
dish culture was inoculated separately with physiologic fotfns 1 and 2 
of clover mildew, described later, but, since none of these species 
other than T. jnvtense showed any difference in susceptibility to the 
two forms of mildew, the results are not separately listed. 

Leaflets of Trifolium prate use were inoculated in dish culture writli 
conidia produced on each of the species listed as susceptible. Recip¬ 
rocal inoculation was successful from all species but T. incarnatum. 

The results given in table 1 emphasize the great variation in the 
results of different workers In contrast to 1 susceptible species out 
of 8 tested by Salmon (11), 1 susceptible species out of the 3 tested by 
Searlc {10), 1 susceptible species out of the 7 tested by Mains (/7), 2 
susceptible species out of the 8 tested by Tlammcrlund (#), and 4 
susceptible species out of the 20 tested by B1 inner (/), the writer 
found 14 species susceptible in varying degrees out of a total of 20 
species tested. The reason for this extreme variation in the results 
of different in\estigutors is unknown, but the following possible 
reasons are suggested: 
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Table 1 . —Infection of Trifolium species with conidia of Erysiphe polygoni from 

T. pratense 1 


Reaction of Trtfolium spp. to Erysiphe polygoni according to— 


Host 

Salmon 

Searle 

Mains 

Ham- 

mer- 

lund 

Blum¬ 
er * 

Y arwoo 

Field 

tests 

d, 1931, 

Green¬ 

house 

tests 

La Fayette, Ind. 

Dish cultures 3 

Plants 

inocu¬ 

lated 

Plants 

In¬ 

fected 









Num- 

Num - 









ber 

ber 

T. pratense L. 

T. lupinaster L_.__ 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

R 

4 

R 
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4- 
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2 
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.. 





4- 
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3 

3 

T. refleium L. 






4- 
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3 

2 
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4- 
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4- 
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T. hybridum L__ 
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— 

— 
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4- 
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4- 
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5 
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T. subterraneum L_ _ 
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— 
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4- 

R 
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T. fragiferum L_____... 
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+ 

_ 

4- 

5 

4 6 

T. repens L. 

— 

— 

— 
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R 

4 1 

T. incarnatum L __ _ 
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_ 



_ 

— 

R 

»0 

T. alnandrinum L. 






_ 

_ 

R 

0 

T. dubium Sibth.. 

_ 



_ 

_ 

_ 

_ 

R 

0 

T. medium L.._... 
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+ 

4- 

_ 

_ 

R 

0 
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_ 
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r. 

0 

T. rubens L .. 
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R 

0 

T. procumbens L __ 
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_ 
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0 
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_ 
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T. badium Schreb_ 




_ 






T. montanum L__ __ 
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T. thalii Vill. 





_ 





T. alpinum L__ 





_ 





T.alpestre L_. __ . 

T. ocnroleucum Huds_ 

. 


. 

. 
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- - 

. 


T. ambiguvm Bieb_ ... 





_ 





T. arrense L._ . . ___ 




_ 

_ 





T. trichocephalum Blob _ 





_ 





T. paUcscrns Schreb. 





— 






1 Plus sign (+) indicates that infection was microscopically visible. 

* This column combines the results of 2 of Blumer's tests (1, table U). If the results of these 2 tests 
differed, the positive infection was recorded hero. 

* Results of a test of Feb. 6,1931. This test was repeated at 2 other times with essentially similar results. 

4 Weak infection. 

4 Weak infection was secured in a previous test. 

(1) The use of different physiologic forms of the organism, varia¬ 
tions in virulence, and differences in host range; (2) different environ¬ 
mental conditions, especially temperature; (3) vigor of the inoculum, 
including the germinability of the spores; (4) variation in the host 
species or inadequate representation of the spcncs; (5) probable 
geographic variations in strains of Trifolium, which make positive 
results of much greater importance than negative results. 

PHYSIOLOGIC FORMS 

Salmon (9), Searle (10), Blumer (f), Hammerlund (2), and others 
have shown that the morphologic species Erysiphe polygoni of 
Salmon (10) consists of a number of physiologic races each of which 
is generally limited to a single genus or species of host plant. While 
these physiologic races may be indistinguishable morphologically in 
their perithecial stages, it is likely that most so-called physiologic 
races or forms of E. polygoni can be distinguished from each other hy 

70984 — 36——2 
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the morphology of their conidial stages. Homma (S) has showii thal 
there are appreciable morphological differences between the biological 
forms of E. graminis DC. on wheat, hull-less barley, Poa annua L., 
and Elymus mollis Trin. The writer has observed that the forms of 
E. polygoni (according to Salmon) on bean, red clover, California 
poppy, mustard, pea, cowpea, buckwheat, and columbine can be dis¬ 
tinguished readily from each other by the gross morphology of their 
conidiophores and conidia. In the sense that they are clearly distinct 
morphologically in their conidial stages, these forms occurring on 
different host genera are probably not true physiologic forms. More- 



Fh.i Kh l. iMtTorentiation of physiologic forms 1 and 2 of olo\er mildew .1, Plant 23 inoculated with 
physiologic form 1, H, plant 23 inoculated w ith physiologic form 2; C, plant 2 inoculated with physiologic 
form 1; I), plant 2 inoculated with physiologic form 2 riant 23 is immune from form 1 and susceptible 
to form 2, plant 2 Ls equally susceptible to both forms. Photographed 11 days after inoculation. 

over, Blumer (1) has distinguished many of these in Europe by the 
morphology of their perfect stages. 

In July 1930 two clones of red clover (22 and 23), previously selected 
for mildew resistance, became heavily infected with powdery mildew. 
Healthy leaves of these and other red clover clones were taken from 
plants which had been protected from infection by dusting with 
sulphur, the leaflets were washed and inoculated with five collections 
of red clover powdery mildew in dish culture. Four of the six clones 
used were equally susceptible to the five mildew collections tested at 
this time, but clones 22 and 23 were immune (reaction with necrotic 
spots) ( 6) to the mildew prevalent in the field and in the greenhouse 
but were very susceptible to the inoculum taken from the mildew 
occulting on them. On the basis of this and a later test, two physi- 



May 1,1036 


Host Range oj Red Clover Powdery Mildew 


663 


ologic forms of red clover mildew were distinguished. The mildew 
which was prevalent in 1930 and 1931 and to which clones 22 and 23 
were immune is designated physiologic form 1, and the mildew to 
which these clones are susceptible is called physiologic form 2. Fig¬ 
ure 1 illustrates the mildew reactions by which physiologic forms 1 
and 2 of clover mildew were distinguished. Single-spore cultures of 
forms 1 and 2 of clover mildew were isolated and cross-inoculations 
repeated with similar results. 

In the fall of 1931, a third physiologic form of clover mildew was 
found on a plant which was very resistant (reaction 1 with necrotic 
spots) (6) to forms 1 and 2. Except for clearly differentiating it 
from forms 1 and 2, form 3 has not been studied. 

All determinations of physiologic forms of clover mildew were made 
in dish cultures. In the determination of the physiologic forms of 
many parasitic fungi, for example the wheat rusts genetically pure 
lines of the host plants are generally available, and a number of plants 
of each variety can be inoculated with each of the collections of the 
parasite to be tested. With such a heterozygous plant as red clover, 
however, this is not possible, unless the desired differential plants are 
multiplied by cuttings. This is a slow process, as only a limited 
number of cuttings can be secured from a given plant at any one time. 
Also, with a wind-disseminated fungus such as clover mildew, which 
produces conidia germinating readily in the absence of free moisture, 
careful greenhouse methods would be necessary to insure against 
contamination if physiologic forms were to be differentiated on potted 
plants. These difficulties were readily overcome by the use of dish 
cultures If leaflets from the same plant are distributed in different 
dishes, a single plant may furnish a large number of closely comparable 
units for a given test, and the same plant may be used repeatedly as 
a source of mildew-free leaflets. Each unit of a test is enclosed in a 
glass chamber during the incubation period and thus protected from 
mildew contamination. 

About 800 individual clover plants have been tested for their 
susceptibility to forms 1 and 2 of clover mildew. No plants suscep¬ 
tible to form 1 and resistant to form 2 have been found, and most of 
the plants which were more susceptible to form 2 than to form 1 were 
from crosses involving one or both of the clones on which form 2 was 
found. 

During 1930 and 1931 collections of clover mildew were secured 
from British Columbia, Canada, and from Maine, New r York, Mich¬ 
igan, North Carolina, Kansas, North Dakota, Idaho, and Washing¬ 
ton, and seven collections were made in Indiana. These were tested 
on a series of host plants, including differentials for physiologic forms 
1 and 2 of clover mildew 7 , and in most cases for form*3. All collections, 
except one from Idaho and one frtfm Indiana, corresponded to physio¬ 
logic form 1 and did not contain forms 2 or 3. In the two exceptions 
in which form 2 was present, form 1 also may have occurred, since 
the differentials and methods in use would not determine clearly 
the presence of form 1 in a mixture of forms 1 and 2. It appears 
from these limited tests that form 1 is widely prevalent and that 
forms 2 and 3 are relatively rare. Moreover, since these three forms 
are similar, they are probably all of the epidemic type which spread 
so rapidly from the East to the West of the United States from 1921 
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to 1924. 5 Since powdery mildew of clover was present in the United 
States previous to 1921,® this earlier mildew was probably different 
from those studied. 

Hammerlund (2) secured negative results when red clover was 
inoculated with the powdery mildew occurring on alsike clover 
(Trifolium hubridum ), and Salmon (S), Mains (5), and Hammerlund 
(2) found alsike clover to be resistant to red clover mildew. However, 
Blum or (1 ) secured infection of alsike with the mildew occurring on 
red clover, and in Idaho (4) reciprocally successful inoculations of 
the mildews on red and alsike clover have been performed. In the 
present investigation alsike clover was successfully infected with 
physiologic forms 1 and 2 from red clover. Powdery mildew on 
alsike clover at La Fayette, Ind., also was tested on red clover plants 
and found to correspond to form 1 of red clover mildew. 

No differences in the conidiophores and conidia of the three physio¬ 
logic forms of red clover mildew could be detected, but it is possible 
that with more refined methods significant variations may be found 
between the forms. The presence of different forms can be readily 
determined at any time with certain host plants, but since form 2 
was identified by its ability to infect certain plants immune to form 
1 the same identical physiologic strains could not be d?fecribed 
certainly as the result of future inoculations, except upon the use of 
identical host plants from which the forms were first described. 

SUMMARY 

Fourteen Trifolium species out of 20 tested in the field, in the 
greenhouse, and in dish cultures showed infection in varying degrees 
to red clover powdery mildew, Erysiphe polygoni DC. 

Three physiologic forms of red clover powdery mildew have been 
distinguished by differences in the reaction of certain red clover clones. 

These investigations were greatly facilitated through the use of a 
method of growing the clover mildew fungus on living excised leaves 
floating on sugar solution. 
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CHRONIC PROGRESSIVE PNEUMONIA OF SHEEP, WITH 
PARTICULAR REFERENCE TO ITS ETIOLOGY AND 
TRANSMISSION 1 

By G. T. Ckeech, veterinarian , and W. S. Gochenottr, senior veterinarian , 
Pathological Division , Bureau of Animal Industry , United States Department 
of Agriculture 

INTRODUCTION 

The existence of a fatal lung disease of slicep has been recognized 
among the herds of the northwestern section of the United States, 
especially in Montana and Oregon, for at least two decades. Since 
the most prominent symptom of the disease is difficult, or labored, 
breathing, sheep so affected have been commonly referred to by sheep 
owners and herdsmen as “lungers.” 

Marsh (5) 2 made a study of the disease in Montana and published 
the first report of his findings in 1922. lie found the disease to be of 
the nature of a chronic progressive pneumonia, the lesions in all 
cases being confined to the thoracic cavity. A disease very similar 
in character, known as “jagziektc”, which has been recognized among 
the sheep of South Africa for many years, has been reported by 
Robertson (S), Mitchell (7), Cowdrv (/, 3), and others. Because of 
the striking similarity of the lesions of jagziektc of South Africa and 
chronic progressive pneumonia of Montana, Cowdry and Marsh (3) 
made joint comparative studies of the two diseases. They reached 
the conclusion that they were probably identical. 

Chronic progressive pneumonia is unquestionably of considerable 
economic importance. Marsh (.5) estimated that the losses from the 
disease among Montana sheep range from 2 to 10 percent, varying 
somewhat in the different herds. The mortality is generally believed 
to be 100 percent of the animals affected. Observations have indi¬ 
cated that the losses are greater among older animals, but sheep of 
all ages appear to be susceptible. 

The principal objectives of the investigation reported in this 
paper were to determine the etiological factor or factors involved, the 
possibility of transmission, and other facts concerning the disease. 

SYMPTOMS AND REPORTED CAUSES OF THE DISEASE 

Bocause of the insidious nature of chronic progressive pneumonia 
of sheep, it is not known how long the animals are affected before the 
first clinical symptoms can be observed. The first noticeable symptom 
is labored breathing after exercise. As the disease progresses there 
is an acceleration of respiration, dilated nostrils, and flank breathing 
or pumping, even while the animal is at rest. More or less coughing, 
with some nasal discharge, ha^ been observed in some cases. In the 
later stages the affected sheep show marked weakness and emacia¬ 
tion. Breathing becomes more difficult and the disease eventually 
terminates in death. 


i Received for publication Jan. 6, 1936; issued June, 1936. 
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Several theories as to the cause of this type of chronic pneumoma 
in sheep and the similar disease jagziekte have been presented by 
different investigators. 

Marsh (6*), in his paper on bacteriological studies of chronic pro¬ 
gressive pneumonia, reports the frequent isolation from the affected 
lung tissues of a diphtheroid which he considered an etiological factor, 
being either associated with, or secondary to, certain other possible 
predisposing factors. Robertson (<?), who was one of the earlier 
investigators of jagziekte in South African sheep, believed the causa¬ 
tive factor in that disease to be of the nature of a protozoan. Mitchell 
(7), in his studies, pointed to a specific virus as the cause of jagziekte. 
Cowdry and Marsh (8), in their later studies of the two diseases, 
reached the conclusion that although these chronic pneumonias, of 
which the epithehan lesions are particularly characteristic, may be 
due primarily to a specific cause, the pathological complex as a whole 
is such as might be caused by a variety of predisposing and exciting 
factors operating over a period of time. 


SHEEP USED IN EXPERIMENTS 

W. J. Butler, State veterinarian of Montana, at whose request these 
investigations were first undertaken, cooperated with this Bureau in 
furnishing, from that State, sheep affected with chronic progressive 
pneumonia. The sheep were shipped from Montana to the Experi¬ 
ment Station* of the Bureau at Bethesda, Md., where most of the 
transmission experiments were carried on. At various intervals 
during the course of the investigations the sheep were received in lots 
of 2,2,4,6,6, and 10, making a total of 30 sheep received from Montana 
Of this number 2 died in transit, 2 were found dead in the pens, and 3 
showed only slight pneumonic lesions, leaving 23 to be used in the 
experiments. 

For use in exposure tests, 96 normal sheep were obtained. These 
were native animals from Maryland. They were in fair condition, 
and most of them ranged in age from 1 to 1 % years. 


OUTLINE OF METHOD 


Frequent clinical observations were made on the diseased sheep 
from Montana, and as the animals developed unmistakable symptoms 
of chronic pneumonia they were killed for study of the gross lesions, 
histological and bacteriological examinations, and for carrying on 
transmission experiments. 

The sheep were killed by bleeding from the carotid artery and 
jugular vein. Care was taken not to injure the trachea and thereby 
permit the inspiration of blood or extraneous contamination. Some 
of the animals m the advanced stages of the disease were killed shortly 
after their arrival, and others in which the symptoms were less marked 
were held for various periods before slaughter. Accordingly, exami¬ 
nations were made of subjects in which the symptoms and lesions 
varied from slight to those of the advanced type, in which the a nim als 
exhibited what was considered to be the last stages of the disease. 

At the time gross-lesion examinations were made, small portions of 
the disease d lung tissue and bronchial and mediastinal lymph glands 


* This station, now known as Animal Disease Station, has been moved to and made a na rt of the 
National Agricultural Heeearoh Center, Beltsville, Md. a maae tt pan 01 “• 
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were placed in fixing solution for later histological examination. 
Bacteriological examination was made of the lung tissue and asso¬ 
ciated lymph glands. 

Immediately after removal of the lungs from the diseased sheep, 
the pneumonic areas, including also portions of the lung at the 
juncture of the diseased and apparently healthy tissue, together with 
the associated lymph glands, were cultured for aerobic and anaerobic 
organisms. Aerobic cultures were made by spreading the diseased 
tissues over the surface of ordinary agar medium and agar medium to 
which 5 percent of blood serum was added. Anaerobic cultures were 
made by placing cubes of tissue in depths of 0.1 percent of agar, in 
Smith fermentation tubes of beef-liver infusion broth containing 1 
percent of dextrose, and in tubes of beef infusion broth containing 
finely divided pieces of beef, the medium being covered with neutrtu 
paraffin oil. When micro-organisms were recovered from lung 
specimens, antigens were prepared from them and agglutination tests 
and complement-fixation tests were made with blood serum from the 
host to determine whether specific antibodies were present. 

Transmission experiments were made by exposure of healthy sheep 
to the following materials from diseased sheep: Cultures of organisms 
from the lung, fresh blood, puslike lung exudate, and emulsified lung 
tissue, the last-mentioned frequently including portions of the medias¬ 
tinal lymph gland. Exposure to these materials was made by feeding 
and by subcutaneous, intravenous, intratracheal, and intrapulmonary 
inoculations. Contact exposures were also made by placing healthy 
sheep in pens with the diseased sheep for periods ranging from 6 to 12 
months. The exposed sheep were held under observation for varying 
periods. In the earlier experiments the animals were disposed of in 
from 3 to 6 months, but in the later experiments most of the sheep 
were held from 6 to 12 months before slaughter for post-mortem 
examination. At least 18 of the animals were kept between 11 and 12 
months after exposure. 

DATA OBTAINED FROM SHEEP NATURALLY AFFECTED WITH 
CHRONIC PROGRESSIVE PNEUMONIA 

GROSS LESIONS 

In making the studies of the gross lesions, it was observed that 
when the thoracic cavity was opened the lungs did not collapse. 
There was more or less fluid in the cavity. Extensive pleuritic adhe¬ 
sions were frequently present, and in some cases, as a result of these 
fibrous proliferations, the lungs appeared constricted or lobulated. 
There was solidification of the affected lungs, varying in extent from 
partial to almost complete solidification. The observations of the 
writers indicated that the solidification of the lung tissue has its be¬ 
ginning most frequently near the borders of the diaphragmatic lobes. 
The consolidated portion of the lungs was usually of a characteristic 
grayish color, with prominence of the lung lobules on gross section¬ 
ing. Small bronchial concretions were sometimes observed. In 
some cases a puslike material could be squeezed from the bronchi, 
bronchioles, and alveoli. The bronchial and mediastinal lymph 
glands usually were swollen and edematous. In all cases examined 
the lesions were confined to the thoracic cavity. 
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HISTOPATHOLOGICAL FINDINGS 

The usual histological picture was that of a chronic catarrhal pneu¬ 
monia. The walls of the alveoli showed infiltrations of lymphocytes 
and large mononuclear cells. The cellular exudate in the alveoli con¬ 
sisted of large mononuclear cells and leucocytes occasionally mixed 
with red cells. The large mononuclear cells in the lumen of the 
alveoli were frequently found to be greatly swollen and vacuolated 
(fig. 1,-4). 

Scattered through the affected lung tissue were frequently seen 
accumulations of lymphocytes, or lymphoid nodules (fig. 2 , A), which 
have been referred to by Marsh (5) as “tuberclelike nodules.” These 
nodules were found in the peribronchial and also in the interalveolar 
tissue. In the consolidated portions of the lung tissue most of the 
alveoli were filled either with the cellular exudate or with mucous 
plugs. In some cases many of the alveoli and bronchioles were filled 
with polymorphonuclear leucocvtes. 

Epithelial proliferations of the alveoli and bronchioles, which are 
considered characteristic of progressive pneumonia, were observed in 
practically all cases of the disease examined by the writers (fig. 3). 
As the disease progressed there was a gradual increase in the fibrous 
changes in the areas involved, and in the later stages practicWly com¬ 
plete fibrosis of a considerable portion of the lung tissue was observed 
m some cases (fig. 4). 

The gross pathology and liistopathology of chronic progressive 
pneumonia, as determined by the writers, were essentially the same as 
the findings of Marsh ( 5) and Oowdry and Marsh (3). 

BACTERIOLOGICAL RESULTS 

On bacteriological examination, a number of the lung specimens 
from the sheep naturally affected with chronic progressive pneumonia 
yielded no growths of micro-organisms, either aerobically or anaerobi¬ 
cally. From some specimens there were obtained pure cultures of 
Pasteurella oiibeptica, Corynebactamm ovis, fungi, or organisms be¬ 
longing to the diphtheroid group. Other specimens yielded mixed 
growths of organisms. In no instance, however, was a positive agglu¬ 
tination or complement-fixation reaction obtainable with antigens 
made from any of the recovered micro-organisms and the blood 
serum of the host. Thus, the bacteriological examination of sheep 
affected with chronic progressive pneumonia gave negative results, no 
micro-organisms having been found that held any promise of being 
an etiological factor in the disease. 

RESULTS OF TRANSMISSION EXPERIMENTS WITH HEALTHY 

SHEEP 

Table 1 shows that visible evidence of pneumonia was found in 21 
of the 96 healthy sheep exposed. In this group, the lesions varied 
in extent from rather slight involvement of the lung tissue to well- 
marked areas of chronic pneumonia. 

Subsequent histological examinations of the lung tissue of the 21 
sheep revealed that the pneumonia in 7 was very slight, or atypical, 
in character. In 10, the lesions were found to be typical of vermin¬ 
ous pneumonia; Cowdiy (#) has called attention to the fact that 
verminous pneumonia in some cases may simulate the lesions of 
chronic progressive pneumonia. In the rem ainin g four sheep, nos. 
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781, 813, 820, and 852, there were well-marked lesions suggesti\e 
of chronic progressive pneumonia, and in these cases no nematodes 
or nematode eggs were found. In view of the fact, therefore, that the 



i* k.uke i — A, Sec tion of lung of sheep 603, naturally affected with chronic progressive pneumonia Note 
extensive cellular infiltration of alveoli and interalveolar tissue, the former consisting chiefly of the large 
mononuclear cells X 400 £, Section of lung of sheep 781, which was inoculated with lung material 
from sheep 777. naturally affected with the disease Note similarity with figure 1, A, In the thickening 
of alveolar walls and cellular infiltration of alveoli and interalveolar tissue. X 400. 

results of exposure were apparently negative for all the experimentally 
exposed sheep except those just referred to, detailed information is 
given only for these four. 
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Table 1 .—Results of tests with sheep exposed to chronic progressive pneumonia by 

various methods 





Incidence of pulmonary lesions found 
on post-mortem examination 

Healthy 

sheep 

ex¬ 

posed 

(num¬ 

ber) 

Material used in exposure 
tests 1 

Method of exposure 3 

Sheep 
with no 
lesions 

Sheep 

with 

parasitic 

lesions 

Sheep 

with 

slight 

pneu¬ 

monic 

lesions 

Sheep 
with 
lesions 
sugges¬ 
tive of 
chronic 
progres 
sive 







pneu¬ 

monia 

22. 

Ji.. 

3 

Emulsified lung tissue from 
naturally aflected sheep. 

Intrapulmonary inocu¬ 
lation. 

Intravenous inocula- 

Number 
» 13 

3 7 

Number 

4 

Number 

2 

3 

Nu mber 

3 

1 

_ do _ _ _ 

tion. 

Intratracheal inocula¬ 

2 

1 



o 

Organisms from lung of nat¬ 
urally aileded sheep. 

. do_ ___ 

tion. 

Intrapulmonary inocu- 
lation. 

Intravenous inocula¬ 

3 6 

2 

2 


8 

3 0 

2 



3 

. do __ _ 

tion. 

Intratracheal inocula¬ 

3 




(1 .... 

do _ 

tion 

Feeding _ 

9 


** 


Fresh blood from naturally 
atTected sheep. 

None __ __ ....... . 

Intravenous inocula¬ 

2 




If, __ . 

tion. 

Contact_ . . 

If, 




II . 

1 

Emulsified lung tissue from 
experimentally exposed 
sheep. 

_do._.. . _ 

Intrapulmonary inocu¬ 
lation. 

Intravenous inocula¬ 

10 

’l" 



1 




1 . 

l’uslike materia] from lung of 
c'periinentally exposed 
sheen. 

Organisms from lung of ex¬ 
perimentally exposed sheep. 

tion. 

Subcutaneous inocula¬ 

1 




1 . 

tion. 

Intraxenous inocula¬ 

1 





tion. 






1 In the case of the emulsified lung tissue, small portions of the mediastinal lymph gland ^ere usually 
included. 

i The desirability of arranging the experimentally exposed sheep in the various groups precludes slam ing 
the time elapsing between exposure and post-mortem examination of the individual animals, which varied 
rom 3 to 12 months. 

i 1 of these sheep die i from acuto septic infection shortly after inoculation. 


The four sheep were inoculated with emulsified lung tissue, includ¬ 
ing a small amount of mediastinal lymph gland, from four of the 
diseased sheep. Exposure was made by the intrapulmonary method 
except in the case of sheep 813, which was exposed intravenously. 
The time elapsing from inoculation to slaughter was as follows: 8 
months 4 days for sheep 781,11 months 1 day for sheep 813, 9 months 
4 days for sheep 820, and 11 months 22 days for sheep 852. None of 
these animals showed any definite clinical symptoms at the time of 
slaughter. The gross lesions found in each of the four animals were 
as follows: 

In sheep 781, both lungs contained numerous grayish, solidified 
areas throughout, and, in addition, one larger area, approximately 2 
inches in diameter, was observed in the postero-supenor portion of 
the right lung. 

In sheep 813, chronic pneumonic areas more or less limited in 
character were found in both lungs. 

In sheep 820, when the thoracic cavity was opened the lungs did not 
collapse. Numerous adhesions were noted. The lungs contained 
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numerous grayish consolidated areas with more uniform solidifica¬ 
tion of the lung tissue toward the borders of the diaphragmatic lobes. 



FkiIjre 2 -A Section of lung of sheep 712, naturally affected with chronic progressive pneumonia Note 
typical interalveolar lymphoid deposits X 120 B, Section of lung of sheep 852, which was inoculated 
with lung material from sheep 827, naturally affected with the disease Note similarity with figure 2, 
A particularly with respect to the lymphoid deposMs X 120 

On gross section the solidified areas closely simulated the lesions of 
chronic progressive pneumonia. 

In sheep A 852, when the thoracic cavity was opened the lungs did 
not collapse. There were some constrictions or lobulations as a 
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Figure 3 Section of lung of sheep 728 naturally affected with chrome progressuo pneumonia Not 
topical bronchial proliferation X 120 



I*iGt re 4 Section of lung of sheep 797, naturally affected with chronic progressive pneumonia and in tin 
later stages of the disease Note the rather extensive fibrosis of the lung tissue X 120 
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result of fibrous proliferations. Numerous grayish solidified areas 
were seen throughout both lungs. Solidification was more uniform 
toward the superior portion and borders of the diaphragmatic lobes. 
The bronchial and mediastinal lymph glands appeared to be enlarged 
and edematous. 

The bacteriological results from these four sheep were considered 
negative from the standpoint of pathogenic micro-organisms. Culture 
media inoculated from the limg tissue of one of the sheep, no. 813, 
remained sterile. The lung tissue of the other three yielded a limited 
number of organisms, none of which was found to be pathogenic. 

Although there were slight variations, on the whole the patholog¬ 
ical changes observed in the lungs of sheep 781, 813, 820, and 852, 
were similar. There was thickening of the alveolar walls as a result 
of the interalveolar cellular infiltrations. There was also cellular 
exudate into the alveoli, consisting mostly of the large mononuclear 
cells and lymphocytes. Note the similarity, in these respects, 
between the lung tissue of sheep 781 (fig. 1, B) y and that of a sheep 
093, naturally affected with chronic progressive pneumonia (fig. 1, A). 

In the lung tissue of one of the sheep, no. 852, there were also 
rather extensive infiltrations of polymorphonuclear leucocytes. 
Occasional localized capillary engorgement was noted. Typical 
peribronchial and interalveolar lymphoid nodules were a prominent 
feature of the lesions in all four animals, as illustrated for sheep 852 
(fig. 2, B). In this respect also, attention is called to the similarity 
between the section of lung of this sheep and that of a naturally 
affected sheep (fig. 2, A). 

Epithelial proliferations of the alveoli and bronchioles were also 
noted, those m sheep 820 (fig. 5, B) bein£ rimilar to those in one of 
the naturally affected sheep (fig. 5, A). These proliferations were 
somewhat more marked in sheep 852 (fig. 6) than in the others. In 
this sheep also more extensive fibrous changes were noted in the lung 
tissue than in any one of the other three. 

Five healthy sheep approximately 1 year of age were inoculated 
by the intrapulmonary method with material from the lung and 
mediastinal lymph gland of three of the experimental sheep as follows: 
Two animals from sheep 852, two from sheep 820, and one from sheep 
781. No inoculations were made from sheep 813. One animal died 
approximately 1 month after inoculation, one was held for 3 months, 
one for 0 months, one for 11 months, and one for 12 months. None 
of the five animals showed visible evidence of chronic progressive 
pneumonia on post-mortem examination. 

DISCUSSION 

Although a rather large number of transmission experiments were 
made, lesions suggestive of chronic progressive pneumonia were 
found in only 4 of the 96 experimentally exposed sheep. The writers 
believe that the lesions in these four sheep resulted from experimental 
exposure. Conclusive evidence of direct transmission was lacking, 
however, because subsequent attempts to produce similar lesions m 
other sheep by inoculating them with lung material from three of the 
four animals in question gave negative results. Similar difficulty 
has been experienced by other investigators of this disease. This 
may have been due to not having affected sheep at the proper stage 
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for transmission or to a lack of susceptibility in the normal sheep tha 
were exposed to the disease. That there is a lack of susceptibility 
in a large percentage of sheep seems to be evidenced by the fact tha 



Figure 6 —A, Section of lung of sheep 829, naturally affected with chronic progressive pneumonia. 
Sheep 813 was inoculated with lung material from this animal. X 120. B , Section of lung of sheep 820, 
which was inoculated with lung tissue from sheep 830, naturally affected with chronic progressive pneu¬ 
monia. X 120 Note similiarity of lesions to those in lung of sheep 829 (fig 5, A ), particularly with regard 
to proliferation of bronchioles and lymphoid nodules. 


only from 2 to 10 percent of the animals become affected in herds in 
which the disease is found. In the present experiments, the diffi¬ 
culty in transmission might also be accounted for by the difference 
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in environment at the experiment station where the transmission 
experiments were conducted and that of the areas where the disease 
occurs naturally. In the latter environment there may be predis¬ 
posing influences as a result of which sheep become more susceptible, 
and there also seems to be a possibility that recovery may take place 
in some cases when the animals are removed from such environmental 
conditions. 

Cowdrv and Marsh ( 3 ) are of the opinion that there is some evidence 
that animals in the earliest stages of the disease may recover. In the 
present investigation three sheep naturally affected with the disease 
showed only slight evidence of it when they were slaughtered. On e 
of these sheep was slaughtered after being held under observation 



Jmmtri 6 Section of lung of sheep 8, r )2, which was Inoculated with lung material from sheep 827 f natu¬ 
rally atlocted with chronic progressive pneumonia .Note murkod proliferation of the bronchial 
epithelium. X 400. 

for 9 months, and the other two after a period of 18 months. Although 
no well-marked symptoms were noted in those animals during the 
period of observation, it is presumed that some clinical evidence of 
the disease had been observed prior to shipment from Montana; and 
if so these cases strongly suggest the possibility of recovery, partic¬ 
ularly if affected sheep are removed from their original environment 
during the early stages of the disease. 

Records on the length of time that diseased sheep survive after 
being removed from their native environment show individual varia¬ 
tion in this respect. Two of the sheep from Montana were kept at 
the Experiment Station at Bethesda, Md., for more than 18 months. 
One of these showed little clinical evidence of the disease when it 
w r as slaughtered, and on post-mortem examination the pneumonic 
lesions were found to be somewhat limited in extent. In the other 
sheep there was some evidence of difficult respiration, and somewhat 
more advanced lung lesions were found on post-mortem examination. 
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The authors were unable to determine whether one or both of these 
may have been arrested eases of the disease or how long they would 
have survived if they had not been slaughtered at the conclusion of 
the experiments. According to the observations of the authors in a 
limited number of cases, sheep in which the clinical symptoms are 
well marked usually become gradually worse, but may survive for 0 
months or longer. 

The character of the lesions found in clironic pneumonia have been 
of particular interest to investigators. The very pronounced epithe¬ 
lial proliferations, one of the very characteristic changes found in 
chronic progressive pneumonia and jagziekte, have provoked con¬ 
siderable discussion as to the cause of such changes. Cowdry ( 2 ) 
offers the suggestion that such epithelial proliferations, which also 
occur occasionally in other types of pneumonia in sheep, may indicate 
that the pulmonary epithelium of sheep is peculiarly unstable, being 
unusually susceptible to growth stimuli or to influences which tend 
to invalidate normal inhibitory mechanisms. De Kock (4) concluded 
from his studies of the lung lesions in jagziekte that the adenomalike 
proliferations of the epithelium in such cases were probably neoplastic 
in nature. It must be admitted that these proliferations of the lung 
epithelium, in some cases, assume an adenomatous appearance 
strongly suggestive of neoplastic changes. 

SUMMARY 

In investigations relating to chronic progressive pneumonia of sheep, 
particularly its etiology and transmission, 23 diseased sheep from 
Montana and 90 healthy sheep from Maryland were used in experi¬ 
ments, most of which were carried on at Bcthesda, Md. 

On bacteriological examination, lung specimens from a number of 
sheep affected with clironic progressive pneumonia failed to yield 
growths of organisms of any kind. From other specimens different 
types of organisms wore isolated, none of which could be demon¬ 
strated, through exposure tests or otherwise, to be a possible etiological 
factor. 

In the diseased sheep the gross lesions and liistopathological find¬ 
ings, which are of the nature of a chronic catarrhal pneumonia, are 
essentially the same as have been described by other investigators 
for this disease and also for jagziekte. 

Because of the similarity of the gross and histological lesions found 
in 4 of the 90 experimentally exposed sheep to those found in naturally 
occurring chronic progressive pneumonia, it is the opinion of the 
writers that the lesions in these four sheep were the result of experi¬ 
mental exposure. Conclusive evidence to this effect is lacking, 
however, because of the inability to reproduce the typical lesions by 
further inoculation of the diseased tissues found in these four sheep. 

These experimental studies of chronic progressive pneumonia of 
sheep have failed to reveal any specific etiological factor of bacterial 
nature or otherwise. 
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DETERMINATION OF THE LESS REFINED MINERAL 
OILS ON LEAF SURFACES AFTER SPRAYING 1 

By L. H Dwvsei 

Associate chemist , Division of Insecticide Investigation, Bun an of Entomology and 
Plant Quarantine , United Stabs i)epat tine nt of Agriculture 

INTRODUCTION 

It was shown in a pre\ious paper ( 3 ) 2 that small quantities of a 
refined mineral oil retained by lein es after spraying could be quanti¬ 
tatively recovered from the leaf surfaces of camphor-trees and on 
pecan and Satsuma orange trees. The determinations were made with 
a single oil, known as Marcol Success in the later steps of the 
procedure depended upon the fact that concentrated nitric acid was 
shown to have no appreciable action on Marcol. Treatment of the 
samples with this reagent was one of the important steps, and the 
procedure, although possessing utility for refined oils, was not claimed 
to be applicable to unrefined oils, since the extent ol the action of the 
nitric acid upon tlii^ type w T as not demonstrated. A suitable pro- 
eeduie for the estimation of the less refined oils on different species of 
foliage has since been worked out, and is described in this paper. 

OILS STUDIED 

A number of the less refined oils differing considerably from one 
another, and such as might be used in dormant spraying, were 
selected for study ol the accuracy obtainable in analyses Certain 
physical and chemical constants of these oils are given in tabic 1. 


Tun I 1 Pi opt the s of mine i at oils tin ployed m determinations and of tht highly 
k fined Mai col nstd in previous expe nine nts 
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In the description of this method temperatures ari given in decrees {< ihionheit 

Determined ate rding to method adopted by the insect Hide Division, but at 110° C See W i ley (S, 
t 2, p 566) 

3 Determined according to method adopted bv the Association of OflUial Agricultural ( henusts (f) 

4 \ ol itility determined over 24 hours at 100° I (37 8° ( ), see D iwsey (2) 

* Large amount of free carbon prevented leading the oil column after test on th - oil. 

The object in listing these constants is to furnish-a description of the 
materials employed rather than to supply any data directly useful 
in calculating the quantity of oil on foliage. For example, the con¬ 
stants do not afford information concerning the oxidation, nitration, 
or splitting of unsaturated, aromatic, or naphtlnilonic compounds 
which may be components of the unrefined oils before treatment with 
nitric acid. 

1 Received for publication Dec 12 1015 issued Tun 1 19J> 

J Reference is made by number (it die) to Literature < ite l, p 69) 
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RECOVERY OF OILS FROM CAMPHOR-TREE LEAVES 

DETERMINATION OP OPTIMUM NITRATION PERIOD 

Experiments were first performed to determine the extent of the 
action of nitric acid upon some of the oils under the analytical con¬ 
ditions previously adopted. Up to the addition of nitric acid the 
procedure was substantially the same as that described for the re¬ 
covery of refined oil from leaves of the camphor-tree (Cimiamomvm 
camphora ) (3). Each sample contained 100 leaf disks 30 mm in 
diameter, to which weighed quantities of oil had been added. After 
extraction the waxes were frozen out, the filtrates transferred to 
Babcock bottles, and the ether-alcohol solutions evaporated, so that 
the residues consisted only of mineral oil, natural leaf oil, and chloro¬ 
phyll. The acid treatment, with which this paper is chiefly concerned, 
consisted in adding G.O cc of concentrated nitric acid to the cold oil 
residues in the Babcock bottles and heating the bottles in boiling 
water for a chosen length of time with agitation at 5-minute intervals. 
Since the quantity of oil present was rarely more than 100 mg, nitric 
acid was always present in large excess. 

The volume of G.O cc nitric acid was chosen because of the construc¬ 
tion of the capillary bottles. The inlet tubes on all bottles>rojected 
about two-thirds of the distance down into the lower bulbs, so that a 
greater volume of acid would have caused loss of the contents during 
the evolution of the nitrogen oxides which accompanied the oxidation. 
It was necessary to carry out the oxidation at high temperatures to 
eliminate complete]} the leaf materials extracted with the oil. 

Table 2 show's the weights and percentages of the various unrefined 
petroleum oils that were undestroyed by the acid under the condi¬ 
tions of the experiment. In figure 1, wdiich gives these results 
graphically, it may be seen that the nitric acid did not attack any 
two of the oils to exactly the same degree. These curves were em¬ 
ployed in estimating the optimum heating period for each oil, so that 
minimum errors would be introduced into the analyses of the respec¬ 
tive oils. For example, for Cayuga, Osage, Red Engine, Alcopol, 
and Man tic oils, the slopes were least after heating for GO, 60, 60. 20, 
anil 15 minutes, respectively. In the interest of shortening the pro¬ 
cedure, however, the following nitration periods were adopted for the 
respective oils: 30, 50, 30, 30, and 15 minutes. 

CHECK ANALYSES 

On the basis of these estimates of the proper nitration period for 
each oil, a number of check analyses were carried out to establish 
the reliability of such methods in the determination of unknown 
samples. Data from series of such check analyses on four of the less 
refined oils are listed in table 3. Each was run a different time, and 
no attempt was made to maintain a consistent strength of nitric 
acid from day to day. It is therefore highly probable that no two 
oils were treated with acid of exactly the same concentration, although 
all the samples of each oil were treated with acid of the same strength. 
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Table 2. -Recovery of unrefined petroleum oils after treatment with nitric acid for 
various periods of time in the presence of materials extracted from camphor-tret 
leaves 


Oil and sample no. 

I Nitration 
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Oil added 
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1 The concentration of the mine acid used with these samples was unknown, hut itssi>ecific in av it > w s 
<•( nsidemhly less than I 12 localise the acid was exposed to the sunlight in an open honker for sexernl da>s 
bef< re use Compare sample 2 with samples of the same oil in table 3, whore stronger acul w’ns omplovod 



FkiUHE 1—Percentages of oils recovered after treatment of samples with nitric acid for different lengths 
of time. Plotted from the data in table 2. 
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Table 3 .—Check analyses on four unrefined mineral oils in the presence of materials 
extracted from camphor-tree leaves , showing the agreement between the calculated 
oil and that actually present 


Oil and sample no. 
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1 Tim percentage of Hod Engine oil destroyed was considerably larger than that in the similar sample 2, 
able 2 Tins is uncounted for bv the fact that stronger acid was employed here. 


The data show that the percentages of oil undestroyed were sub¬ 
stantially the same in different samples of the same oil. It was con¬ 
cluded, therefore, that it would be practical to determine unknown 
(pnintitles of oil on sprayed trees simply by extracting check samples 
containing known quantities of oil and equal numbers of leaf disks 
along with the corresponding unknown samples, and, after calculating 
the proper correction factor, to apply it to the unknowns treated 
under identical conditions. 

ALTERNATIVE METHOD 

riie Alcopol oil was reserved for the purpose of demonstrating an 
alternative method of estimating such oils in the presence of extracts 
of camphor-tree leaves. After the optimum nitration period of 30 
minutes had been selected, several tests were run with this oil to deter¬ 
mine what strength of acid would be required to destroy all the resid¬ 
ual leaf materials and yet not attack the petroleum oil. A series 
of such tests is recorded in table 4 (samples 1 to 4). The concentra¬ 
tion of 4 cc of nitric acid to 2 cc of water proved to be the optimum 
for the apparent elimination of the leaf materials, and samples 5 to 8 
were run with this strength of acid to determine the reliability of this 
treatment. The agreement of the data in the table show that it is 
possible to recover completely unrefined oils on camphor-tree foliage, 
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provided the proper acid concentration is first determined for the 
specific oil and definite numbers ol disks There is a possibility, 
however, that the tiaces of undestroved leaf oil just compensated 
for the petroleum oil taken up by the diluted nitric acid. 

Table, 4- (heck analysis of 1 Icopol oil, showing tfu nror mtioduad by mtiation 
al i ai wus cotut ntiatinnb oj acid 
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1 Sample t 1 ) 1 wore tn il simpli Simples t > s show th n suits obt mu 1 under tin optimum acid 
(oncLiitr it ion 

RECOVERY OF OILS FROM SATSUMA ORANGE LEAVES 

The iccovcrv ol two ol the oils was also studied in the pie^cnee ol 
extracts ol the leal ol Satsuma orange {Citrus nobihs unsluu), with 
the adoption ol an optimum mtiation peiiod as in the experiments 
with camphor-tree leases In these experiments the natural waxes 
weie frozen out horn the initial extiacts urulci the pieMously rioter - 
mined optimum conditions The icsiilts m table f> show that a 
correction lactoi is applicable in the deteimination ol these less refilled 
oils on Satsuma orange foliage Th'* error imohed, however, 
although within zf-4 percent, was larger than in the case of the 
camphor-tree leaves, and also slightly largei than that obtained with 
the more highly refined Mar col when extracted with orange leaves, as 
icpoited in the earliei paper (J) 
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54 6 

72 3 

76 7 

+ 1 < 

r, 

91 " 

Mi 2 

70 7 

92 9 

— 9 

(» 

93 1 

65 1 

69 9 

1 91 4 

-L S 

Ale in 



= m= Jj 



C IV11JH 






1 

*108 r > 

72 9 

(>7 2 

110 7 

+ 2 0 

2 

89 5 

58 l 

(>4 9 

88 1 

-1 3 


114 8 

70 7 

66 8 

116 5 

4 1 5 

4 

62 1 

19 4 

61 4 

59 8 

-3 7 

5 

84 < 

55 1 

65 1 

81 0 

- 8 

0 

104 9 

70 6 

67 1 

107 2 

1 2 2 

Mean 

- 


65 8 


1 


RECOVERY OF OILS FROM CHRYSANTHEMUM LEAVES 

Certain variations and improvements were introduced during the 
development ot a suitable method tor the determination of petroleum 
oils on chrysanthemum foliage For these tests leaves from the Old 
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Rose variety of chrysanthemum (Chrysanthemum hortorum) plants 
were used. The potted plants were reared in a greenhouse and were 
of uniform size and age. Before extraction, samples contained 200 
leaf disks 1 cm in diameter together with definite quantities of 
petroleum oil. 

EFFICIENCY OF EXTRACTION 

Since the oil absorbed in the chrysanthemum leaf disks was to be 
extracted with ethyl ether, it was necessary to ascertain the efficiency 
of extraction before making determinations of the petroleum oil from 
the plants. 

In one experiment a separate set of eight plants was sprayed with a 
2-percent emulsion prepared from the highly refined W bite Rose oil 
with bone glue as emulsifier. After the water from the spray had 
dried, four replicate samples of leaf disks were cut and allowed to 
stand 2 days for the oil to penetrate the leaf tissue, thus making it 
harder to wash the oil from the disks. They were then extracted in 
several ways to determine the quantities of combined oil and wax 
recoverable during each separate and successive washing. 

The results showed that it was impractical to w T ash the disks more 
than four times because of the time consumed, but that at least 30 
to 50 cc of ether should he employed each time. For e\n*nple, one 
sample, in five successive washings with 40 cc of ether, gave 0.0942, 
0.0239, 0.0050, 0.0019, and 0 0005 cc of combined oil and wax. 
Proportionately larger quantities of oil were taken off in the first 
washing with larger volumes of ether. It was also found that the 
longer the disks soaked the larger were the quantities of oil removed in 
the initial washings. The first four washings thus recovered substan¬ 
tially all the quickly soluble material in the samples. In all the 
following reported determinations the samples of chrysanthemum 
disks were washed four times with 35 cc of ether. 

Jn other experiments, where approximately 24 hours elapsed 
between the spray application and the leaf extraction, from 90 to 95 
percent of the total deposit was recovered. These tests were carried 
out In extracting four times witli 35 cc of ether, measuring the oil fo 
obtained, drying and grinding the partially exhausted leaf disks, 
washing the powdered material repeatedly for 2 hours in an extraction 
apparatus, and measuring and calculating the spray oil left in the 
leaves after the first extractions. 

TESTS ON OMISSION OF WAX-FREEZING STEP IN PROCEDURE 

Experiments were then made to ascertain whether the wax-freezing 
step might be omitted from the procedures employed in the studies 
with camphor-tree and orange leaves. It w T as found possible, instead 
of separating the wax from the petroleum oil, to measure the two 
together and then calculate the oil by subtraction. 

A set of tests was conducted to determine the quantity of extract- 
able wax in samples of 200 leaf disks to which known weights of White 
Rose petroleum oil were added. These tests consisted in filtering the 
ether extracts, evaporating off the solvent, transferring the residue 
to calibrated Babcock bottles and treating it with 5 cc of nitric acid 
at 100° C., and then measuring the combined oil and wax in the capil¬ 
laries after filling with more nitric acid and centrifuging. It was 
necessary to centrifuge at about 50° because there was sufficient wax 
present to solidify the oil in the tubes at room temperature. The 
data in table 6 show r that the quantity of extractable wax, in the case 
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of chrysanthemum leaves, is independent of the petroleum-oil content 
and remains constant within workable limits. 


Table 6 —Extractable wax in samples of chrysanthemum leaf disks to which known 
weights of White Rose petroleum oil were added 


Sample no 

Oil added 

Oil and wax 
recovered 

W ax, b\ 
difference 

1 



Milligrams 

Milligrams 

M till gravis 
4 6 


_ 

17 6 

22 0 

2 _ 


. 

29 8 

34 2 

4 4 

1 - 

. 


38 0 

42 2 

4 2 

4 

_ 


40 0 

60 n 

4 0 

, r > 



60 1 

00 8 

4 7 

U 



07 0 

71 9 

4 9 

7 

_ 


71 d 

76 S 

4 6 

8 



81 d 

86 4 

4 1 

Mean 


- 



4 4 


Since it has been shown that the extractable wax was completely 
removed under the stated conditions, it follows, for samples of lesser 
wax content at least, that tlie quantity of recoverable wax would be 
proportional to the number of leaf disks treated. 

CHECK ANALYSES 

After the establishment of the proper conditions under which to 
extract chrysanthemum leaves, such that substantially complete 
recovery of the insecticidally active portions of mineral oil might 
be accomplished, and it had been shown that the usual procedure 
might be simplified by omitting the wax-freezing step, a series of 
five tests was run to determine the deg» v 'e of accuracy attainable 
in the estimation of the oil content in check samples. One of the 
less refined oils, no. L-1780, was chosen for these tests. Table 7 
show's the results obtained when f> ec of nitric acid was added to 
each sample followed by the usual intermittent agitation and heating. 
After account had been taken of the corrections for the undestroyed 
leaf wax present because of the omission of the wax-freezing step, 
and for the oil destroyed by the acid treatment, the calculated quan¬ 
tities of oil present were found to be within d-2.5 percent of their 
true values. It w r as also shown that the accuracy of the calculated 
ligures was again independent of the actual oil content of the samples. 


Table 7 —(\heck analyses of oil Ir 1180 m the presence of chrysanthemum leaf 

material 


Sample no 

Oil added 

Oil and 
wax recov 
ered 1 

Oil recovered 2 

i 

C tUndated 
oil adder! 

Error 


Milligrams 

* 

Milligrams 

Milligrams 

Percent 

Milligrams 

Pen ent 

i 

60 7 

44 0 

40 2 

79 2 

61 7 

-2 0 

2 

06 2 

64 8 

60 4 

77 .1 

04 8 

- 0 

3 

77 5 

01 2 

68 8 

76 9 

76 0 

-2 6 

4 

101 S 

81 7 

79 d 

78 3 

101 9 

+ 6 

5 _ „ 

Mean. 

110 H 

96 8 

91 4 

78 3 

77 8 

117 6 

1 o 


‘ The specific gravity of the oil and wax mixture was assumed to be the same as that of the oil, namely, 
0 8947 at 20°/20° C 

* The weight of oil recovered was obtained by subtracting from the weight of oil and wax recovered the 
constant 4 4 mg, obtained for the mean weight of wax recovered in the previous series of experiments with 
White Rose oil (table 6). It will be noted that this constant agrees well with the figure d 8 mg, obtained by 
calculating the most probable values for the weight of wax and the percentage of oil recovered from the 
d^ta on oil L-1780. 
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DISCUSSION 

There may be several reasons why greater accuracy was not ob¬ 
tained by the methods proposed. Possible errors in calibration of 
the Babcock bottles undoubtedly offer one explanation. For ex¬ 
ample, three separate determinations of volume were made for each 
bottle and the mean of these determinations was calculated. Thus, 
for one of the bottles the following figures were obtained for volume 
per millimeter of tube length: 0.0014159, 0.0014397, and 0.0014410 
cc. The mean of these figures was 0.0014322 cc. The deviations 
from the mean are found to be 1.12, 0.50 and 0.63 percent, respectively. 
Since the error in calibration may be as large as 1.12 percent, deter¬ 
minations might regularly show errors of tins size. 

The investigations with camphor-tree and Satsuma orange leaves 
reported in this paper were made at New Orleans, La., w T hile the 
studies w T ith chrysanthemum leaves were carried out after the field 
station had been transferred to Wooster, Ohio. Since the omission 
of the wax-freezing step in the procedure for the chrysanthemum 
foliage proved to be a simplification without loss of accuracy, it 
must be considered to be an improvement. It would have been 
desirable to study the reliability of the methods for ttye other two 
species of leaves when this step was eliminated, out since no 
camphor-tree or orange leaves were available in the northern loca¬ 
tion such an investigation could not be undertaken. It should be 
possible, however, to simplify those two procedures also by omitting 
the freezing step, provided the wax-residue constant is first deter¬ 
mined for giv en numbers of leaf disks, as illustrated in table 7. 

Since the appearance of English’s original method (4), followed by 
the improvements of Dawsey and Haas (<?), two other methods for 
the determination of oil-spray deposit have been proposed. Swain 
and Green ((>) have called attention to the distinction between tlie 
insecticidally active deposit (surface oil) and the total deposit (surface 
oil plus that absorbed in the leaf tissue). They have developed a 
comparatively simple method for an approximate determination of 
the surface oil, which involves washing leaf surfaces with methylene 
chloride, evaporating the solvent, and then weighing the residue 
consisting of plant w ax and petroleum oil. According to the published 
results, the procedure is most applicable to determinations made 
immediately after the water has evaporated when there has been little 
time for the oil to penetrate the leaf tissue. Since petroleum oil and 
leaf-surface wax are known to be mutually soluble, however, uncer¬ 
tainty exists as to exactly wliat percentage of surface oil can be 
removed each time by the single methylene chloride washing treat¬ 
ment, particularly in view of the small quantities of the natural w ax 
removed by these investigators in washing unsprayed leaves. Rohr- 
baugh (6) prefers to dry and grind citrus leaves before making 
extractions with petroleum ether. With the incorporation of certain 
steps, such as correcting for the quantity of oil destroyed in the sul¬ 
phuric acid treatment in the case of sulphonatable oils, and correcting 
for the quantity of natural leaf substances extracted with the spray 
oil, his method appears to be applicable to the determination of total 
deposit regardless of the interval between spray application and 
extraction. All these methods have contributed to the solution of 
the problem of recovery of oil spray residue from plants. 
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Judging from wlmt is known in the field at present, in routine work 
it would seem preferable to adopt procedures capable of giving the 
total spray deposit, as advocated by Rohrbaugh (5), rather than the 
surface oil, which is in itself a variable quantity dependent upon 
penetration of the oil into the leaf tissue as influenced by the vola¬ 
tility and time factors. If interest is centered upon the insecticidal 
action of the oil, it would also appear, from the evidence at hand, 
that extractions should be made as soon as possible after spraying, 
in order to minimize the volatilization effect, thereby obtaining 
definite and reproducible values for the deposit each time. 

Two logical criticisms have been made of the general methods 
employed by English (4) and by Dawsey and Haas (3): (1) Taking 

large disks from the center of leaves does not give representative 
samples, because the oil accumulates principally along the midrib 
and edges of the lea\es; and (2) simply washing the leaves with ethyl 
ether will not extract the last traces of oil from the leaf tissue. In 
the method for chrysanthemum lea\es given in this paper the first 
difficulty has been largely eliminated by taking a large number of 
small disks over the whole leaf area so that advantage of speed in 
sampling has been retained. With regard to the second criticism, 
from 90 to 95 percent of the total oil can be recovered, at least with 
chrysanthemum leaves extracted soon after spraying, by the methods 
herein described. The procedure, therefore, offers a means for a good 
approximation to the total oil deposit without recourse to the laborious 
process of reducing foliage to a powder before extraction, and in 
addition does not require the use of expensi\e extraction apparatus. 3 
The work is being continued at the Wooster laboratory in a study of 
extraction methods applicable to vegetable and animal oils as well 
as to petroleum oils. 

SUMMARY 

The problem of determination of the less refined petroleum oils in 
the presence of materials extracted from plant foliage by ethyl ether 
has been studied. Treatment of the leaf-extract residues containing 
petroleum with nitric acid under controlled conditions results in 
destruction of a definite proportion of the oil each time, and by using 
a predetermined correction factor the original quantity of the oil 
present can be estimated. Applications are suggested in the deter¬ 
mination of oil deposit from the foliage of camphor-tree, Satsuma 
orange, and chrysanthemum plants following spraying with oil 
emulsions. 

The method of analysis of these sulphonatable oils in the presence 
of chrysanthemum leaf materials has been simplifhu, without loss of 
accuracy, by omitting the usual w ax-freezing step &s employed in the 
treatment of the camphor-tree ariH Satsuma orange leaf extracts. 

The efficiency in oil recovery in washing leaf disks taken from 
sprayed plants with ethyl ether lias also been studied. For a limited 
number of washings recovery is not complete, but from 90 to 95 
percent of the oil is removed even when extraction is made 24 hours 
after the spray application. 

6 Later results have shown that 100 percent of the oil deposit can be recovered bv continuous wash in g 
with various solvents in an extraction apparatus, prov ided fresh green leaf disks are used. Drying without 
powdering prevents complete recovery, however, under the same conditions. 
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The work of other investigators is discussed in the light of the 
present work and the position taken that the total oil deposit is the 
preferable quantity to measure in the study of the insecticidal action 
of oils. 
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INHERITANCE OF RESISTANCE TO THE HESSIAN FLY 
IN THE WHEAT CROSSES DAWSON X POSO AND DAW¬ 
SON X BIG CLUB 1 

By W. B. Cartwright, entomologist , Division of Cereal ami Forage Insect Investi¬ 
gations, Bureau of Entomology and Plant Quarantine , and (J. A. Wiebe, assistant 
agronomist , Division of ('weal Crops and Diseases , Bureau of Plant Industry , 
United States Department of Agriculture 

INTRODUCTION 

A promising and economical means of controlling the injury to com¬ 
mercial California wheats caused by the hessian fly, Phytophaga de - 
tructor (Say), lies in breeding varieties resistant to its attack. Such 
an objective is achieved most easily when the plant breeder uses 
resistant varieties in which resistance is duo to the smallest possible 
number of factors. The existence of fly-resistant varieties among the 
common wheats has been demonstrated by many workers. That 
such resistance is due to a definite number of genetic factors has not 
yet been shown conclusively. In this preliminary paper data from 
two crosses are presented which the writers believe indicate the 
existence of two such genetic factors. 

This breeding program was started to develop fly-resistant club 
wheats for the Montezuma Hills district of Solano County, Calif. 
It is desirable to grow a club type of wheat in this district, because 
such wheat does not suffer from shattering from the high winds which 
prevail there. The two club wheats, Big Club and Poso, which are 
now grown there are susceptible to the he°sian fly. The aim of the 
breeding program is therefore to add the character of fly resistance to 
these two varieties and at the same time retain the desirable qualities 
that they now possess. To attain this end backcrosses will be made 
to the commercial type and the hybrids thus obtained subjected to 
rigorous selection under heavy fly infestation. 

REVIEW OF LITERATURE 

Not a single instance has been found in the literature where the 
inheritance of resistance to the hessian fly has been definitely put on a 
factorial basis. The following two statements, however, have a bear¬ 
ing on the problem. Painter, Salmon, and Parker 2 state: 

The most important fact brought out by these data is that resistance is an 
inherited character which may be combined with other desirable ones and that 
fly resistance is not closely linked with any observed agronomic character such 
as awn type and kernel texture. 

Later Parker and Painter ' 4 stated that— 

Studies of crosses between resistant and susceptible wheat varieties have shown 
that fly resistance is a heritable character, probably governed by multiple 
factors * * *. 

1 Received for publication Jan. 31.193(5; issued Juno 1930. 

2 Painter, R. H., Salmon, s 0 , and Parker, J. H. resistance of varieties of winter wheat 
to hessian fly, fhytophaoa destructor (say). Kans. Agr. Expl Sta Tech. Mull. 27, 58 pp., illus. 
1931. Seep. 39. 

3 Parker, J. II., and Painter, R. TI. insect resistance in crop plants. Sixth Internatl. Cong. 
Genetics, Ithaca, N. \ ., Proc , \. 2, pp. 150-152. 1932. 
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MATERIAL AND METHODS 

The parents used in the crosses under discussion are the susceptible 
varieties Poso (C\ I. no. 8891 ) 4 and Big (Tub (C. I. no. 11761) and the 
resistant variety Dawson (C. 1. no. 3342). Pure lines of all parents 
were used. Poso and Big Club are white-kerneled club varieties hav¬ 
ing the spring habit type of growth and are well adapted to the Monte¬ 
zuma Hills district. Dawson is a white-kerneled, lax-headed variety 
having the winter habit type of growth. 

The original crosses were made in 1931 at Davis, Calif. The 
and F 2 generations were grown at the same place in 1932 and 1933. 
For the purpose of genetic interpretation the F 2 plants were classi¬ 
fied on the basis of their behavior in F 3 rows. The F 3 rows, averaging 
75 plants per row, were grown at Birds Landing, in the fly-infested 
Montezuma Hills district. The seed was sown in December 1933, and 
the plants were harvested in May and June 1934. The plants there¬ 
fore made their growth during the winter and early spring and were in 
receptive condition at the time of infestation, which is normally heavy 
in that locality. The susceptible and resistant parents were included 
alternately every eleventh row as checks among the Y A rows for each 
cross. A population of F 2 plants of each cross was also groVn in 1934. 

In the vicinity of Birds Landing the hessian fly usually makes its 
major flight between the last of February and the early part of April, 
while the plants are developing from the rosette through the jointing 
stage. A second flight, from a supplementary brood of flies, generally 
occurs late in April, or early in May in wet years. Since the natural 
infestation is usually very high in this district, it has not been neces¬ 
sary to supplement the natural infestation with an artificial one. 

The plant w as used as the unit in making genetic interpretations. 
The plants were classified as infested or noninfested depending on 
whether or not puparia were present. A plant bearing no puparia 
was considered as resistant. 

It will be shown later that a small percentage of plants of the sus¬ 
ceptible parents w ere not infested. These are believed to have escaped 
infestation, and are not considered as resistant. Packard 5 showed 
that when progeny of such escaped plants were tested the following 
year, they did not possess any decidedly resistant qualities. Although 
lie obtained one plant selection w r hich show r ed a consistently lower 
percentage of infestation, there are good reasons for believing that this 
selection w r as not of the original parent variety but was either a field 
hybrid or an admixture. 

EXPERIMENTAL RESULTS 

DETERMINATION OF FACTORIAL BASIS FOR INHERITANCE OF RESISTANCE 

The percentages of plants of the parent varieties having hessian 
fly puparia for the period 1932-34 are given in table 1. The Dawson 
parent sliow r s a negligible infestation as compared with the other two 
varieties. The Dawson parent has been tested for a longer period 
than table 1 indicates, and has always shown a very low infestation. 
Likewise Big Club has always shown a high infestation over a longer 
period. The data for the Poso parent do not extend beyond the 3-ycar 
period. 

4 Accession number of the Division of Cereal Crops an 1 Diseases, Bureau of Plant Industry 

4 Packard, C. M. the hessian fly in California. U. S. Dept. AgrVTech Bull 81, 26 pp., illus. 1928 
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Table 1. —Infestation of hessian fly puparia in Dawson , Poso y and Big Club 
wheats f when grown in the field at Birds Landing , Calif ., for the years 1032-34 



1932 

19.H 

1934 

Average 
plants 
with 
puparia, 
1932 34 i 

Variety 

Plants 

examined 

Plants 

with 

puparia 

Plants 

examined 

Plants 

with 

puparia 

Plants 

examined 

Plants 

with 

puparia 

Diwson. . .. 

Poso . .. 

Bn? Club . 

Number 

KM) 

1(M) 

1(M) 

Percent 

1 0 
90 0 
92.0 

Number 

50 

89 

195 

Pi rcent 

0 0 
84 3 
91 S 

Number 

700 

809 

500 

Pi rcent 

0 4 
95 9 
9S 4 

Pt rcent 

0 1 
95 2 
90 0 




The Fx plants from the two crosses were not tested for fly reaction. 
An F 2 population of 100 plants of Dawson X Poso and 125 plants of 
Dawson X Pis; Club was grown subject to fly infestation in 1934. 
The data for both the present varieties and the crosses are showm 
in table 2. 


T\blr 2 — Fh/-inf(sted plants in the parents and the generation of the crosses 
Dawson X Poso and Dawson X Big Club, when grown in the field at Birds 
Landing } ('alif , in 103 f 


Paient or cross 

Total 

plants 

FI" -infested pi mts 

Diwson . . . 

Poso _ . . . . 

Hip Club 

Dawson \ Poso . . . . _ _ _ 

J) iwson X Big Club ... . 

Number 

700 

809 

500 

KM) 

125 

Number 

3 

842 

492 

22 

23 

Percent 

0 4 
90 9 
98 1 
11 7 
18 1 


As indicated previously, the genetic classification of the F 2 plants 
is based on their behavior in F 3 rows. There were 1S5 K 3 rows grown 
of each cross. The fly infestation was uniform throughout the nurs¬ 
ery, as indicated by the parent rows which were included alternately 
every eleventh row as checks. The percentages of fly infestation for 
the alternate parent checks were as follows: In the Dawson X Poso 
nursery, 99, 1,97, 0, 100, 0, 94, 0, 95, 0, 97, 0, 99, 0, 94, 1, 97, 1, 9S; 
and in the Dawson X Big Club nursery, 100, 0, 100, 0, 90, 0, 98, 0, 
98, 0, 98, 0, 90, 0, 98, 0, 100, 0, 100. The low percentages are for 
Dawson. The data for the infestation of the F 3 rows of both crosses 
are summarized in 5-perccnt classes in table 3, md aro shown 
graphically in figure 1. 

On the assumption of an arbitrary minimum at 77.5 percent in¬ 
festation, this point was used in dividing the rows into two groups, 
according to whether more or less than 77.5 percent of the plants 
were infested. Since only 10 rows were grown of each susceptible 
parent, the range distribution for such rows is not well established. 
Therefore, if only those hybrid rows are considered susceptible which 
fall within the range of the susceptible parent, some errors of clas¬ 
sification might result. Again, the range of susceptibility of the rows 
of susceptible parents is based on the relation of the two postulated 

70984—30— 4 
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susceptible genes to a constant reaction system of other genes. 
Since this is not the case in rows of hybrids, the range may be extended 
so that a minimum somewhat beyond the range of the susceptible 
parent may be justified. 



F/y - /nfestec/pfonts (percent) 


Fib UKh 1 Distribution of F» tows of flu* crosses Dawson X Poso (solid line) and Dawson X Big Club 
(broken line) in 5-pereent classes of infestation with hessian-fly pupana. 

Table 3 --Distribution of the parent ami Fi rows of the wheat crosses Dawson X Poso 
ami Dawson X Pig Club in fi-pet cent classes of hessian fly infestation , when grown 
in the field at IHrds Landing , Calif ., in 


Hows m milk died clissps of f]\ infestation 1 



— 

- — 


- 

— 

— 

- 




2 

* 

1 








percent 








Parent or miss 


_ 

V 6 i 12 5 

17 5 

22 5 

27 5 

32 5 

37 5 

42 5 47 5 




pei- per- 

per- 

per- 

per- 

per- 

pei- 

per- per 


0 

to 

cent cent 

cent 

cent 

cent 

cent 

cent 

cent cent 


I KM 










cent 

5 per- 










cent 









No 

Xo 

Xo \ < 

Xo 

No 

Xo 

Xo. 

No 

No. No. 

Dawson . _ _ . 

ir» 

3 

_ 







Poso 



I 







Big Club 

_ 









Daw son X Poso 

J9 

Ifi 

2 ti n 

19 

(> 

5 

8 

6 

7 5 

Daw son X Bin Club.. 

.s 

33 

s, i 1,1 

20 

10 

13 

2 

12 

f> 7 




Bows in indicated cl issps of fl> infestation i 



Parent oi cross 

1 f.2 5 

| 57 5 

62 5 | 67 5 

72 5 

77.5 

S2 5 

87 5 

92 5 

117 5 T'tt' 


i ]>er- 

1 IHir- 

P.m- j per- 

per- 

per- 

per- 

P *r- 

per¬ 

per- rows 


1 cent 1 

; ! 

cent 

cent j cent 

cent 

cent 

cent 

cent 

cent 

cent 


l 

Xo. 1 

Xo 

Xo | Xo 

No 

No. 

Xo 

Xo. 

No 

No. Xo 

Dawson.. 

* 








18 

Poso .. 








2 

S 10 

Big Club. 



. 






JO 10 

Dawson X Poso. 

1 4 

! 2 

0 1 

0 

0 

1 

0 

2 

6 185 

Dawson X Big Club.. 

| 0 

I_ 

| 8 

1 1 

1 

0 

2 

2 

1 

9 185 


i Percentages given are class centers. 
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The 185 F 3 rows (or F 2 plants) of each of the two crosses then group 
themselves into the ratios 176:9 and 171:14 for the Dawson X Foso 
and Dawson X Big Club crosses, respectively. On the basis of a 
two-factor 15:1 theoretical genetic ratio, the numbers to be expected 
are 173.4:11.6. The actual and theoretical ratios for both crosses 
agree within the limits of the experimental error. Under the condi¬ 
tions of these experiments the resistance of Dawson is therefore 
interpreted as being controlled by two genetic factors. 

The interpretation of the data applies only to the conditions under 
which the experiments were made, and no prediction can be made as 
to the behavior of the parent or hybrid material when grown under 
other conditions. The data furnish no idea as to the fundamental 
nature of resistance. The answer to that problem might be of some 
help in the breeding program, but it is not necessary for such a program. 

ONTOGENY OF THE FLY ON SUSCEPTIBLE AND RESISTANT PLANTS 

The normal ontogeny of the hessian fly on susceptible plants may 
be briefly described as follows: The adult flies emerge from the puparia 
and mate during February and March, and the females lay their eggs 
on the leaves of the growing crop. In a few days the red eggs hatch, 
and the salmon-colorod young larvae crawl down between the culm 
and leaf sheath and begin to feed. After feeding for 2 to 3 weeks, 
the larvae, then glistening white, form puparia and enter a quiescent 
stage, or what is commonly called a “flaxseed. 3 ” During the long, 
dry summer and fall, these “flaxseeds” remain unchanged in the same 
stubble and straw that the young larvae had occupied while sucking 
their food from the growing stems. Late in the winter or early in the 
spring of the following year the larvae pupate, and in 2 or 3 weeks 
the adults emerge to repeat the life cycle. 

On resistant plants the life cycle is not completed. The life of the 
insect appears to be normal until the newly hatched red larvae reach 
the feeding position between the leaf sheath and culm. Shortly after 
this the larvae die. Tt is this fact that points to the possibility of 
producing commercial wheats that will be free from fly attack. 

SUMMARY 

An attempt is being made in California to breed varieties of wheat 
that will possess resistance to infestation by the hessian fly. The 
existence of resistant varieties among common wheats has been 
demonstrated by many workers, but the number of genetic factors 
involved in such resistance has not previously been conclusively shown. 

Selections from the variety Dawson are shown to hr highly resistant 
to fly attack, and the varieties Foso and Big Club are very susceptible 
under California conditions. The Crosses Dawson X Foso and Dawson 
X Big Club show inheritance of resistance in the F 2 generation when 
classified on their behavior in F 3 row T s, in a ratio closely approximating 
the theoretical 15:1 ratio occurring when two factors are involved. 

The ontogeny of the hessian fly in relation to both resistant and 
susceptible varieties is discussed briefly. 

Under the conditions of the experiments as described in the text, 
the data for the two crosses studied indicate that resistance to the 
hessian fly in the Dawson variety is heritable and that it is controlled 
by two genetic factors. 




QUANTITATIVE DEMONSTRATION OF THE PRESENCE 
OF SPORES OF BACILLUS LARVAE IN HONEY CON¬ 
TAMINATED BY CONTACT WITH AMERICAN FOUL- 
BROOD 1 

By A. P. Sturtevant 2 

Associate apicullurist, Division of Bee Culture, Bureau of Entomology and Plant 
Quarantine, United States Department of Agriculture 

INTRODUCTION 

In a previous paper 3 the writer showed that it is possible to 
demonstrate the presence of spores of Bacillus larvae, the cause of 
American foulbrood, in samples of commercial honey that have had 
contact with American foulbrood in the course of their production or 
preparation for the market. Since this work was reported, 25 
additional samples, making a total of 212 samples of commercial 
honey, obtained on the open market from 28 States and 2 Territories 
have been examined by the same method, and spores of B. larvae 
have been found in 17, or 8 percent, of these samples. 4 In most 
cases the spores were present in relatively small numbers. 

The method of examination used in the work thus far reported 
gave only a qualitative indication of the number of spores present, 
the observations being recorded as showing “the presence of a suffi¬ 
cient number of spores resembling spores of B. larvae to be designated 
as positive.” 5 This amounted to from one or two definite spores to 
a very few spores seen in numerous microscopic fields of each stained 
sediment examined. The primary object was to demonstrate only 
their presence or absence. It was assumed that in most cases the 
number of spores found was considerably smaller than would be 
found in honey containing numbers comparable with the observed 
minimum infective dose of 50,000,000 per liter. 

The only way of demonstrating the accuracy of this assumption 
has been to feed such “positive” samples of commercial honey to 
healthy colonies of bees. This was done with 15 of the 16 samples 
in which spores were demonstrated, and only 1 sample, or 6.7 per¬ 
cent, was found to contain sufficient infection to produce the disease 
in a healthy colony. These investigations indicate that the require¬ 
ment of certification of honey, as has been proposed and even placed 
in operation in certain States, is not a justifiable measure in the 
control of American foulbrood under the present conditions of 
inspection and control of disease in this country. 

To permit a more accurate, quantitative study of the infectivity 
of honey that has been in contact with American foulbrood, on the 

1 Received for publication Jan. 27, 1936; issudfl June 1936. This investigation was carried on at 
the Intermountain States laboratory of the Division of Bee Culture, which is maintained cooperatively 
by the University of Wyoming and the Bureau of Entomology and Plant Quarantine, U. S. Department 
of Agriculture. 

1 Acknowledgments are due to F. R. Hall, associate professor of commerce, University of Wyoming, for 
advice and assistance in the statistical analysis of the data. 

4 Sturtevant, A. P. relation or commercial honey to the spread or American foulbrood. 
Jour. Agr. Research 46:257-285, illus. 1932. 

4 Sturtevant, A. P. honey or the intermountain region. Cleanings Bee Cult. 63:463-468, illus. 
1935. 

4 Sturtevant, A P. See footnote 3. 
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basis of its spore content—that is, a detailed study of the distribution 
of spores of B . larvae in the honey from infected hives or apiaries, 
or in commercial honey obtained on the open market, or of the effect 
of mixing infected honey with disease-free honey in the course of 
production or blending and preparation for the market—a more 
detailed investigation has been made of the spore content of honey 
containing approximately known numbers of spores. This has been 
accomplished by an improved and more accurate method of deter¬ 
mining the number of spores in such honey, and the accuracy of the 
results and method has been demonstrated by means of a statistical 
analysis of the data obtained. 

METHOD OF OBTAINING THE DATA 

PREPARATION OF SAMPLES OF HONEY 

A series of samples of honey containing approximately known 
numbers of spores per cubic centimeter were prepared in the manner 
described previously, 6 by adding to 100-cc quantities of spore-free 
honey the necessary quantities of various dilutions of a stock suspen¬ 
sion of spores of Bacillus larvae containing approximately 5,0^0,000,000 
spores per cubic centimeter. Five samples of honey were prepared 
in this w ay containing approximately 1,000,000, 800,000, 500,000, 
300,000, and 50,000 spores per cubic centimeter, respectively. These 
samples, each considered as a unit and not as a dilution of the 
1,000,000-spore sample, weie heated in a water bath to 120°-130° 
F., and then thoroughly mixed with a mechanical stirrer for 5 minutes. 
Duplicate 5-ec quantities of each sample were then placed in 50-cc 
conical centrifuge tubes, and 45 cc of distilled water of approximately 
the same temperature was added. When the honey and water were 
completely mixed, the samples were centrifuged at 2,000 revolutions 
per minute for 45 minutes. All but about 1 cc of the supernatant 
honey-water solution of each sample was then removed by means of 
a pipette and suction. Again approximately 45 cc of distilled water 
was added, and after thorough mixing the suspensions were centri¬ 
fuged for 30 minutes longer. The removal of the supernatant solu¬ 
tion was repeated until all but approximately 0.1 cc 7 of the water 
had been removed from each centrifuge tube, and each sample of 
sediment was completely suspended in this rema inin g quantity of 
water by blowing gently through a capillary pipette dipped into the 
water. Duplicate 0.01-cc quantities of each suspension were then 
transferred with the capillary pipette (calibrated to deliver 0.01 cc) 
to microscope cover glasses. Circular cover glasses, size 12, no. 1 
thickness, having an area of 1.13 cm 2 , proved satisfactory for this 
purpose. A small (2 to 3 mm) loopful of carbolfuchsin stain was 
added to the drop of suspension on the cover glass and thoroughly 
mixed with it. This stained liquid was then spread uniformly over 
a 1-cin 2 area of the cover glass, a narrow ring at the outside edge 
being left uncovered. The smears were allowed to dry in the air 
and were then mounted on microscope slides either with water or, pref¬ 
erably, with Canada balsam, for examination under the microscope. 
These stained smears were not washed in water, as this might have 
caused some spores to be lost. 

* Sturtevant, a. P. See, footnote 3. 

T A m wk was placed on the outside of the conical centrifuge tubes to iadicate the 0.1-cc volume. 
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The foregoing process gives a concentration of spores in the sedi¬ 
ment from the 5-cc samples of lioney suspended in 0.1 ce of water, 
or one-fiftieth the original volume. 

METHOD OF COUNTING SPOKES 

A method similar to that of Breed and Brew s for counting bacteria 
in milk was used for counting the spores of Bacillus larvae in these 
stained smears. Tliis method is similar to that described in a previous 
paper 9 and is represented by the formula 

xr u c u . 4 KNX v 100 X I* 

Number of spores per cubic centimeter^-- 

where K is the factor for the number of circular fields por 1-cnr area, 
N is the number of circular fields counted, X is the actual mean 
number of spores per field, 100 is the factor that gives the number of 
spores per cubic centimeter from 0.01 cc of the suspension, and 1) 
is the dilution. 

Table 1. - Spore counts in stained smears of the sediments resulting from the cen¬ 
trifuging of duplicate 5-cc portions of Jive samples of honey containing known 
numbers of spores of Bacillus larvae 


Spore counts in samples i containing the indicated number of 
spores per cubic centimeter 


Field no. 

50,000 

300,000 

500,000 

800,000 

1 ,000,0(10 


A 

B 

A 

B 

1 

It 

A 

13 

A 

13 


2 

1 

7 

8 

1 1 

15 

19 

21 

24 

21 


2 

2 

8 

9 

12 

12 

18 

20 

24 

29 


1 

1 

8 

10 

12 

13 

24 

18 

26 

38 


0 

2 

7 

5 

JO 

15 

22 

18 

23 

21 


2 

0 

9 

6 

10 

11 

20 

20 

30 

34 


1 

3 

9 

t 

12 

13 

J8 

17 

23 



0 

1 

K 

7 

15 

14 

21 

18 

26 

24 


2 

1 

7 

8 

12 

13 

27 

17 

29 

21 


1 

0 

K 

G 

1G 

16 

19 

21 

19 

26 


0 

2 

9 

12 

17 

13 

21 

20 

30 

31 


1 

1 

7 

11 

It 

12 

16 

19 

25 

36 


1 

3 

10 

G 

16 

12 

21 

20 

28 

26 


1 

3 

9 

5 

13 

10 

22 

22 

27 

D” 



1 

7 

9 

18 

14 

25 

24 

25 

22 


] 

0 

8 

10 

12 

13 

21 

25 

29 

2(5 


2 

I 

8 

5 

10 

11 

20 

25 

24 

26 


1 

0 

0 

9 

11 

16 

18 

28 

35 

23 


2 

0 

6 

0 

13 

11 

26 

23 

24 

28 


0 

2 

7 

10 

17 

16 

24 

23 

25 

34 

■ 

0 

1 

9 

5 

13 

18 

2 G 

28 

27 

30 


2 

1 

10 

15 

13 

15 

16 

23 

25 

32 


2 

3 

11 

10 

8 

16 

19 

18 

26 

25 

_ . 

1 

1 

7 

8 

18 

10 

20 

16 

27 

25 


3 

1 

o 

5 

15 

12 

18 

22 

28 

34 


1 

U 

7 

9 

12 

15 

21 

21 

29 

28 

■ 

0 

1 

6 

7 

15 

10 

1 21 

20 

27 

22 


1 

1 

5 

10 

10 

14 

26 

18 

34 

23 


2 

1 

7 

8 

12 

15 

22 

26 

22 

27 


2 

2 

8 

10 

11 

11 

22 

28 

29 

28 


2 

2 

10 

8 

12 

11 

25 

22 

21 

30 

Total. 

38 

39 

233 

244 

393 

400 

638 

641 

791 

835 

Total for (JO fields. 

lean number of spores per field- 

77 

1.2833 

477 

7.9500 

793 

13.2167 

1,279 

21.3167 

1,626 

27.1000 


1 A and B represent duplicate portions of the samples. 


s Breed R S and Brew, J. D. counting bacteria by means of the microscope. N. Y. State 
Art Expt.' Bto. Tech. Bull. 49, 31 pp., Ulus. 1916. 

• Sturtevant, A. P. See footnote 3. 
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An ocular micrometer disk, such as is used for counting bacteria in 
milk, was used in counting spores in the fields of tlio stained smears. 
The area of the circle etched on this disk was found to be 0.00006082 
cm 2 when used in a binocular microscope with 15 X paired eyepieces 
and a 1.8-mm oil-immersion objective. Therefore, the factor If became 
16,441.96. 

The spores in 30 fields from each of the duplicate smears were 
counted, making a total of 60 fields (N) for each honey-spore sample. 
The fields were counted at random from various parts of the smear. 
From these counts the actual mean number of spores per field re¬ 
covered in 60 fields for each honey-spore sample was determined 
(table 1). 

Substituting the values for K and N and 0.02 (1/50) for D } the 
spore dilution in the foregoing formula gives 

Number of spores per cubic centimeter 

_16,442XG0XX100X0.02_ oo , r 


COMPUTATION OF THEORETICAL MEAN NUMBER OF SPORES PER FIELD 

The theoretical mean numbers of spores per field that should be 
recovered from each of five lioney-spore samples used, under ideal 
conditions where there is no loss of spores during the process, were 
calculated by the foregoing formula, which for this purpose may bo 
stated as follows: 

■y Number of spores per cubic centimeter 
” '32,884 

X now designates the theoretical mean number of spores per field. 
In table 2 these values are given in comparison with the coriesponding 
actual mean number of spores per field for each honey-spore sample. 


Table 2. —Relation between the actual and the theoretical mean numbers of spores of 
Bacillus larvae per field recovered from five samples of honey containing known 
numbers of spores per cubic centimeter 


Spores per cubic centimeter in sample (number) 

Mean spores per field 

Ratio of 
actual mean 
to theoret¬ 
ical mean 

Theoretical 

Actual 

Standard 

deviation 

1 ,000,000 . 

Number 

30.4100 
24.3270 | 
15.2050 

9 1230 1 
1.5205 

Number 

27.1000±0.3554 
21.3167± .2751 
13. 2167rt .2011 
7.9500ir . 1708 
1. 2833. 0747 

Number 
4,0812 
3.1590 
2.3100 
1.9615 
.8582 

Percent 

89 12 
87.02 
80.92 
87 14 
84.40 

800,000. 

500,000. 

300,000. 

50,000... 



RESULTS OBTAINED BY USE OF THE METHOD 

By the method used, the actual mean number of spores per field 
obtained by counting 60 fields from each honey-spore sample differed 
from the calculated theoretical mean number of spores per field by 
10.88 percent for the honev containing 1,000,000 spores per cubic 
centimeter to 15.60 percent for the honey containing 50,000 spores per 
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cubic centimeter (table 2). This difference, which is relatively 
constant for each sample, may be due to the fact that some spores 
are lost during the centrifuging, but more probably to the fact that 
a certain proportion of the spores in each smear are covered up and 
not seen in the masses of stained debris always present even in honey 
of the highest quality. 

DETERMINATION OF ACCURACY OF THE METHOD 

STATISTICAL ANALYSIS OF THE DATA 

Since the data obtained for the actual mean number of spores per 
field (table 1) for each honey-spore sample, if plotted against the data 
calculated for the theoretical mean number of spores per field (table 
2), give practically a straight lino having a trend similar to that of 
a line plotted for the theoretical data alone, the relation between the 
theoretical means and the actual means, for the five honey-spore 
samples used, was determined by the customary statistical methods. 

The standard deviation and the probable error for the actual mean 
number of spores per field were determined from frequency tables 
prepared from the original data (table 1) for each honey-spore 
sample used 10 (table 2). The actual means were derived from large 
samples (60 fields each), and the calculated probable errors and 
standard deviations were shown statistically to be small. 

The coefficient of correlation 11 between the values for the actual 
mean number and those for the theoretical mean number of spores 
per field for each sample as given in table 2 was found to be 0.9999 ± 
0 . 0001 . 

The relation between the actual mean number of spores per field 
recovered from each honey-spore sample and the corresponding most 
probable values estimated from the theoretical mean number of spores 
per field for each sample was determined by use of the regression 
equation for the actual mean number of spores. This was found to 
be r=0.8905A r —0.1791. Substituting the various values of the 
theoretical mean number of spores per field (table 2) for X in this 
equation gave the most probable estimated values for the actual mean 
number of spores per field (T) that should have been recovered from 
each sample (table 3). These most probable estimated values were 
found to be in excellent agreement with the actual values obtained. 

Table 3.— Theoretical and actual mean numbers of spores per field and the most 

probable estimated theoretical and actual mean numbers of spores per field 


Mean Dumber of spores per field 


Number of spores per cubic centimeter m 


sample 

i " 

Theoretical 

Estimated 

theoretical 

Actual 

Estimated 

actual 

1,000,000. 

30 4100 
24 3280 
15.2050 

9 1230 
1.5205 

30.6313 
24.1378 
15 0431 

9 1297 
1.6443 

27 1000 
21 3167 
13.2167 
7.9500 
1.2833 

26 9010 
21.4850 
13.3610 
7.9449 
1.1749 

K00,000„__..... 

500,000 .. . 

300,000. 

50,000... 

10 Chaddock, R E. principles and methods of statistics, pp 160-164, 246-241. Boston, New 


York [etc.]. 1925 

ii Croxton, F. E , and Cowdkn, D. J. practical business statistics, p. 416. New York. 1934. 
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The purpose of this investigation, however, was to develop an 
equation with which, if the actual mean number of spores per field 
is obtained with sufficient accuracy, the theoretical number of spores 
per field may be estimated, thereby giving the data necessary for 
estimating the number of spores per cubic centimeter in an unknown 
sample of honey. The regression equation or the theoretical mean 
number of spores per field can be used for this purpose, and was found 
to be X= 1.12281^+0.2034. Substituting for Y in this equation, the 
various values of the actual mean number of spore3 per field, as 
obtained in table 1, gave the most probable estimated values for the 
theoretical mean number of spores per field that should be obtained 
from the actual counts for each honey-spore sample (table 3). By 
this method of estimation these values were found to agree closely 
with the original calculated values for the theoretical mean number 
of spores per field for each honey-spore sample (table 2). 

DETERMINATION OF PERMISSIBLE LIMITS OF ERROR 

The analysis of the data so far indicates the accuracy of the method 
outlined above for determining the most probable actual mean spore 
count per field from the mean of 60 fields counted. Varifftions in the 
counts may occur in individual samples, however, owing to the failure 
to recover all the spores, as stated previously. 

The permissible limits of error in the statistical analysis of such 
cases are customarily determined by use of the standard error of 
estimate. This, for the most probable estimated actual means 
derived from the theoretical means, was found to be small, ±0.1298 
spore, and indicates the closeness with which new estimated values 
may be expected to approximate the true but unknown values. Since 
two of the five actual means fall within ±0.1298 spore of the esti¬ 
mated actual means while the other three are only from 0.11 to 0.20 
percent outside this zone, within which approximately two-thirds 
of the observations may be expected to fall in relation to the most 
probable values, a sufficient accuracy for the method is indicated. 

The standard error of estimate for the most probable theoretical 
means derived from the actual means (which were found to agree 
closely with the estimated actual means) was found to be ±0.1458 
spore. As is to be expected in this case, again two of the original 
theoretical means fall within the zone of ±0.1458 spore while the 
other three are only from 0.11 to 0.25 percent outside this zone. 
However, since ±3 times the standard error of estimate, which should 
include 99.7 percent of all observations, is used customarily in delin¬ 
eating the largest error to which statistical analyses of this type are 
subject, it is found that all the theoretical means fall well witnm this 
zone, or within ±0.4374 spore. This indicates the probable accuracy 
of estimating the number of spores per cubic centimeter in an unknown 
sample by calculating the most probable theoretical number of spores 
per field from the actual mean number counted. 

PRACTICAL APPLICATION OF THE METHOD 

In a previous paper 12 it was shown that during observations cover¬ 
ing 5 years no cases of American foulbrood developed in 19 colonies 
of bees fed less than approximately 50,000,000 spores of Bacillus 

11 Sturtevant, A. P. See table 1 of reference In footnote 3. % 
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larvae in 1 liter of sugar sirup, or less than 50,000 spores per cubic* 
centimeter. Of 11 colonies fed 50,000 spores per cubic centimeter, 2 
developed disease and 9 remained healthy; of 6 colonies fed 75,000 
per cubic centimeter, 3 developed positive disease and 1 probable 
disease, and 2 remained healthy; of 6 colonies fed 100,000 per cubic 
centimeter, 2 were positive, 1 probable, and 3 remained healthy; of 
4 colonies fed 200,000 spores per cubic centimeter, 3 were positive 
and 1 probable. Thus it was assumed that 50,000 spores per cubic 
centimeter of sirup could be considered the critical number or 
minimum infectious dose of spores that will produce disease, when 
1 liter is used as the unit volume to be fed. 

Since the foregoing analysis of the data indicates, by the method of 
estimating used, that the actual mean number of spores per field falls 
well within the limits of permissible error for the estimated actual 
means (±3 times the standard error of estimate), the most probable 
value for such a mean for use in determining the number of spores per 
cubic centimeter of an unknown sample is the actual mean number of 
spores per field determined by counting 30 fields each from stained 
smears from two centrifuged sediments of this sample. If the formula 
A"—1.12283^+0.2034 is used to estimate X , the most probable 
theoretical number of spores that should have been recovered, when 
Y represents the actual mean number of spores per field, and if this 
value is then multiplied by 32,884, the most probable number of 
spores per cubic centimeter in the unknown sample can be calculated. 
Applying the limits of error for X, ± 3 times the standard error of esti¬ 
mate, or ±0.4374 spore, and carrying it through into the second for¬ 
mula will give the possible range in which the number of spores per 
cubic centimeter might fall within the precision of the method. 

Further work is in progress to determine whether the same accuracy 
will be obtained by counting a smaller number of fields to obtain the 
mean number of spores per field from a larger number of smears from 
sediments. 

Since in the experimental work the samples of known spore content 
contained approximately round numbers of spores—multiples of 
50,000—it probably would be sufficiently accurate to designate the 
number of spores as the nearest multiple of 50,000 to the actual figures 
derived from the formulas. When using the limits of error 0d 0.4374 
spore per field, for the estimated mean number of spores per field, it 
will bo found that for numbers below 100,000 there will be some 
overlapping between 10,000-spore increments, and the value will 
have to be expressed approximately (for example, the honey contains 
between 40,000 and 60,000 spores per cubic ccntinu ter); noverthless 
the honey can still be designated either as dangerous or as not 

dangerous. * 

SUMMARY 


Previous work on the qualitative demonstration of the presence or 
absence of spores of Bacillus larvae in honey that has been in contact 
with American foulbrood has been followed by the development of a 
quantitative method for determining the approximate number of 
spores per cubic centimeter in such honey. The method is represented 
by the formula 


Number of spores per cubic centimeter 


KNXX100XD 

N 
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where K is the factor for the number of circular fields per 1-cm 2 area, 
N is the number of circular fields counted, X is the actual mean num¬ 
ber of spores per field, 100 is the factor that gives the number of spores 
per cubic centimeter from 0.01 cc of the suspension, and D is the dilu¬ 
tion. The mean number of spores of Bacillus lariae per field counted 
in 60 fields of stained smears made from the sediments obtained 
by centrifuging 5-cc quantities of honey containing approximately 
known numbers of spores have been determined by this method. 

The moan actual spore count per field was determined for a series 
of samples of honey prepared to contain approximately 1,000,000, 
800,000, 500,000, 300,000, and 50,000 spores per cubic centimeter. 
The mean theoretical spore count per field that should have been 
recovered was determined by use of the formula 

y_Number of spores per cubic centimeter 
32,884 

The actual mean numbers of spores per field were similar in trend 
to the calculated theoretical means but were from 10.88 to 15.60 per¬ 
cent smaller. A statistical analysis of the data to deOwmine the 
accuracy of the method showed that the calculated probable errors 
and standard deviations were small. The coefficient of correlation 
between the actual and the theoretical mean number of spores per 
field for each sample was found to be 0.9999 ±0.0001. 

The relation between the actual moan number of spores per field 
( Y ) and the corresponding most probable values that should have been 
recovered, estimated from the theoretical mean number of spores per 
field (A), was determined by means of the regression equation 
F=0.8905A— 0.1791. These most probable estimated values were 
found to be in excellent agreement with the actual values obtained, 
well within the customary limits of ±3 times the standard error of 
estimate, which was found to bo ±0.1298 spore. 

The most probable theoretical mean number of spores per field 
( X ) was estimated by means of the regression equation X— 1.1228 F± 
0.2034. _ These values were found to be in excellent agreement with 
tho original calculated values for the theoretical mean, well within ±3 
times the standard error of estimate, ±0.1458 spore. 

The statistical analysis of the data therefore indicates that tlic 
method used is sufficiently accurate for determining the spore content 
of unknown samples of honey. For this purpose the following formulas 
are used: 

A=1.1228F±0.2034 ±0.4374 

where F=tho actual mean number of spores per field counted from 
60 fields, and 

Number of spores per cubic centime ter=32,884X 



THE TOXIC EFFECTS OF NAPHTHALENE ON BRUCHUS 
OBTECTUS AND TENEBRIO MOLITOR IN VARIOUS 
STAGES OF DEVELOPMENT 1 

By Louis Pyenson, head of the entomology section of the Instituto de Pesquizas 
Agronomicas, Pernambuco, Brazil, and 0. I«\ MacLeod, assistant professor of 
economic entomology, Neiv York ( Cornell ) Agricultural Experiment Station 

INTRODUCTION 

Although naphthalene has been in use as an insecticide for about 50 
years, knowledge of its toxic effects is based mainly on investigations 
conducted under uncontrolled conditions. Very little is known of the 
physiological effects of naphthalene on insects. In late years naph¬ 
thalene has been found useful against an increasing variety of insect 
pests, but it is probably most effective in killing or repelling insects 
found in houses, greenhouses, stored products, and in the soil. 

The period of exposure necessary to kill the immature forms of tho 
Japanese beetle in a saturated atmosphere of naphthalene depends on 
the temperature (Fleming and Baker (3)). a It ranges from 12 hours 
at 80° F. to 120 hours at 50°. The relative humidity of the atmos¬ 
phere also influences insecticidal action on the larvae, mortality in¬ 
creasing with an increase in relative humidity. 

ITerrick and Griswold (5) found that naphthalene inhibited the 
development of the eggs of clothes moths, no eggs hatching after an 
exposure of 14 days in an enclosed space at room temperatures, 
llartzell and Wilcoxin (4) observed that naphthalene was toxic to 
the eggs of the red spider mite. Read ( 8 ) showed by laboratory ex¬ 
periments that at least 8 hours’ exposure of red spider mite eggs to a 
saturated atmosphere was required to prevent hatching. A study of 
the comparative resistance of the larva, protonymph, dcutonymph, 
and adult female to naphthalene vapor showed that there was a slight 
increase in resistance as the stages advanced from larva to adult. 
Fleming and Baker (8) found the resistance of immature stages of 
the Japanese beetle to increase in the following order: (1) larvae, (2) 
eggs, (3) pupae. It was observed by Mercier (7) that, when the 
pupae of the fly Calliphora erythrocephala Meig. had been exposed to 
naphthalene vapor, some of the first-generation descendants of the 
treated flies showed malformations, but in the second generation 
these malformations did not appear. Shull, Riley, and Richardson 
(10) found that naphthalene produced no apparent effects on the 
coagulation of the blood nor on the appearance of the blood cells in 
the oriental cockroach (Blatta orientalis L.): Fleminsr and Baker (8) 
observed that eggs and larvae of the Japanese beetle exposed to 
naphthalene vapor became reddish in color, the intensity of the color 
depending on the period of exposure. The vapor appeared to have a 
paralyzing effect on the larvae of the Japanese beetle. Toscano 

1 Received for publication Nov. 25, 1935; issued June 1936. Based on a thesis presented by the senior 
author to the faculty of Cornell University in partial fulfillment of the requirements for the degree of doctor 
of philosophy. 
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Rico (11) also observed the paralyzing effect of naphthalene vapor on 
the parasitic roundworm (Ascaris lumbricoides L.). This paralysis 
was followed by death. 

In view of the more extended use which might be made of naphtha¬ 
lene in the future, a clearer knowledge of the toxic effects of this ma¬ 
terial would, be of much value to entomologists. For this reason 
investigations on the toxicity of naphthalene to various stages of the 
bean weevil and yellow mealworm have been conducted under con¬ 
trolled conditions, and the findings are here presented. 

METHODS 

The apparatus used in the experiments was a modification of that 
used by Lehman (6 4 ). Humidity was controlled by passing air 
through saturated solutions of sodium chloride to give the air stream 
a relative humidity of approximately 70 percent. The apparatus 
was placed in a chamber the temperature of which was held constant 
at 2f>° C. by the use of a bimetallic thermoregulator with a resistance 
unit as a source of heat. In all experiments air was passed through 
this apparat us at the rate of 14 liters per hour. To determine whether 
saturation of the air was obtained, U-tubes containing naphthalene 
were weighed and placed in the system and then re weighed after the 
air had passed through them for a definite length of time. The loss 
in weight of the U-tubes was the amount of naphthalene taken up by 
the air. The amount volatilizing in a definite volume of air chocked 
closely with the calculations for the amounts of naphthalene in a 
saturated atmosphere published by Roark and Nelson (9). 

Before the beginning of each experiment air was passed over the 
naphthalene for about one-half hour. The insects were then placed 
in the flasks and allowed to remain there the desired length of time 
in contact with a constant stream of air saturated with naphthalene. 
Flasks containing control insects wore similarly treated except that 
they were not exposed to naphthalene vapor. At the conclusion of 
each experiment the insects were removed and placed in a rearing 
chamber at a constant temperature and humidity. All insects in their 
various stages before and after treatment were kept in the constant- 
temperature chamber at 25° C. with a relative humidity of approxi¬ 
mately 00 percent. 

Bean weevils (Rruchvs obtectus Say) were reared on red kidney 
beans at a temperature of 25° C. and relative humidity of 60 percent. 
The cultures were started at weekly intervals so that a new batch of 
adults might emerge every week. 

Larvae of the yellow mealworm (Tenebrio molitor L.) were reared 
on a dry, complete dog food in the form of a meal, while the adults 
were fed once a week on dog biscuits, canned dog food, and banana 
skins. The cultures were kept at a constant temperature of 27.5° C. 
and relative humidity of 70 percent. 

EFFECTS OF NAPHTHALENE ON EGGS OF THE BEAN WEEVIL 
AND YELLOW MEALWORM 

A series of experiments was undertaken to determine the toxicity 
of naphthalene vapor to the eggs of insects. An attempt was made 
to determine whether the toxicity varied with the age of the eggs and 
whether any general physiological effects werd produced. 
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Bean weevil and yellow mealworm eggs, none of which were over 
1 day old, were exposed to naphthalene vapor for varying periods of 
time. The percentage of eggs hatching in the checks was very 
constant, averaging 90 percent or more (table 1). Naphthalene was 
toxic to the eggs, the number which failed to hatch varying directly 
with the period of exposure to the vapor. The large mealworm eggs 
were affected much more readily when not more than 1 day old than 
were the small eggs of the bean weevil of the same age. Approxi¬ 
mately the same lethal effects were obtained with eggs of the meal¬ 
worm with only ono-lialf the length of exposure given the bean-weevil 
eggs. 

Table 1. -Toxicity of naphthalene 1 to eggs of the bean weevil and the yellow meal¬ 
worm at different time exposures 


BEAN-WEEVIL EGGS 0 TO 1 DAY OLD 


Exposure 

Trials 

Cheek 

Treated 

Total e«Rs 

Hutched 

Total cdgs 

Hatched 

Hours 

Number 

Number 

Pi TCI lit 

A umbtr 

Pi rant 

1 

3 

3b0 

9b 

1,00b 

87 

2 


400 

91 

1,000 

80 

6 

9 

1,000 

93 

2,300 

45 

4 

4 

LOO 

91 

1,200 

14 

5 

4 

500 

92 

1,300 

b 

0 

4 

400 

95 

1,200 

.4 


MEALWORM EGGS 0 TO 1 

1 OLD 


H 

2 

200 

90 

f>00 

85 

l 

.1 

300 

89 

700 

’ll 

m 

3 

3(X) 

89 

800 

48 

2 

3 

300 

91 

1,000 

25 

24 

3 

300 

85 

900 

8 

a 

& 

455 

91 

735 

1 


1 Naphthalene-saturated air stream at 25° C , relative humidity, 70 percent. 

To determine the relation between the stage of development of 
an insect egg and its susceptibility to the vapor of naphthalene, eggs 
of both the bean weevil and the mealworm were exposed for 3-hour 
periods at different ages (table 2). A minimum of 500 eggs was used 
at each stage of development and several replicates and checks were 
run with each experiment. The percentage of bean-weevil eggs 
killed increased with age until the eggs were 4 to 5 days old, when 
the peak was reached. From that time on toxicity decreased and 
when the eggs were ready to hatdh (6 to 7 days old) very few were 
killed. The reaction of mealworm eggs to naphthalene vapor was 
almost the reverse of that of the bean-w r eevil eggs. The gas was most 
lethal to eggs 1 day old, with a sudden decrease in toxicity thereafter 
and a slight increase just before hatching (7 to 8 days old). Newly 
emerged larvae showed greater resistance than did the eggs to the 
vapors of naphthalene. These results indicate that the age or stage 
of development of an insect egg influences its susceptibility to naph¬ 
thalene. 
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Tabif 2 —Age and percentage daily loss m weight of bean weevil and yellow meal- 
worm eggs m relation to the toxicity of naphthalene vapors 
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90 

10 
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1 J arvae 


Cotton (2) has shown that the effects of fumigants on insects can 
he (on elated with their respiratory metabolism Dining the couise 
of their development the insect eggs which weie used m these experi¬ 
ments continuously lost weight, presumably through the loss of water 
and caibon dioxide Smce both water and eaibon dioxide arc the 
end pioducts of respnatory metabolism it is believed that the per¬ 
centage daily loss in weight of the eggs can be used as a relative 
measure of the rate of respiratory metabolism. 

Normal bean weevil and mealworm eggs were cleaned and weighed 
on a chemical balance and then placed m closed containers ovei a 
saturated solution of ammonium mtiate (60 percent relative humidity) 
at a temperature of 25° C The eggs were weighed at 24-hour intei- 
vals until they hatched, and the peicentage of daily loss m weight 
obtained (table 2) The data mdicate that theie is a definite lela- 
tion between weight loss of the eggs (respiratory metabolism) and 
the lethal effects of naphthalene A greater weight loss (lespiratoiv 
metabolism) was associated with mcieased mortality of the eggs 
Naphthalene vapor m subletlial dosages prolonged the develop¬ 
mental period of bean wee\il eggs The mean number of days re¬ 
quired to complete incubation for bean weevil eggs of different ages 
which sunned exposuie foi 3 hours to a naphthalene-saturated atmos¬ 
phere is shown m table 3 

Tabi b 3 —Mean numbtr of days required to complete incubation fur bean wed'll 
of different ages uhich survived 3-hour exposure to a naphthalim-saturaUd 
at mosphere 



Incubation iwnod 


Inc ubation period 

Apt of eggs 



Age of eggs 



when 



when 



treated 

l ntreated 

T reated 

treated 

l n treated 

Treated 

Days 

Days 

Days 

Days 

Days 

Days 

1 

8 1 

0 4 

5 

7 7 

9 1 

> 

8 0 

9 2 

b 

" 8 

8 8 


7 8 

9 1 

7 

8 0 

8 4 

4 

7 8 

9 (> 





Exposure in early stages of development delayed hatching of those 
eggs that survived for moie than a day The greatest delay occurred 
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when eggs were 3 to 4 clays old at about which time naphthalene was 
most toxic (table 2). When the eggs were ready to hatch (6 to 7 days 
old) the vapor delayed hatching very little. Those larvae that sur¬ 
vived 3-liour exposure to naphthalene were apparently uninjured. 
The incubation period of the eggs of the mealworm was not signifi¬ 
cantly affected by the naphthalene treatment. However, the treated 
eggs, previously creamy white in color, assumed a pink or reddish- 
brown shade, this color being more prominent in the eggs which had 
been exposed for the longest period. An examination of the newly 
emerged larvae from such eggs indicated that this discoloration 
occurred in the large mid-intestine. No discoloration was observed 
in other parts of the body as Fleming and Baker (5) had found in 
larvae of the Japanese beetle. The larvae appeared normal in all 
other respects and the colored matter disappeared after a few days. 

EFFECTS OF NAPHTHALENE ON ADVANCED STAGES OF THE 
YELLOW MEALWORM AND ADULTS OF OTHER SPECIES 

Previous data (table 2) showed that after the mealworm eggs had 
hatched, there was a decided increase in the resistance of the larvae 
to the lethal effects of naphthalene vapor. Since considerable 
variation in size was noted among larvae of the same age in the stock 
cultures, treatments were made with different sized larvae of the 
same age to determine whether the toxicity of naphthalene vapor 
was related to the size of the larvae. Larvae of different ages but of 
the same size were also treated to see whether the age of the larvae 
affected their susceptibility to naphthalene vapor. After treatment 
larvae were placed in the constant temperature and humidity cabinet 
for 48 hours, when the numbers of living and dead insects were 
recorded The data (table 4) show that both weight and age influ¬ 
enced larval susceptibility to naphthalene. Sublethal exposures to 
naphthalene vapor of the newly emerged larvae of the mealworm did 
not affect subsequent growth as measured by gain in weight. 

Tabi k 4 —('ow putative toxiuty of naphthalene to various stage s of the yellow 
mealworm with spee ml teferenee to size and age of larvae 

16 HOUR EXPOSUltFS 


Age 

'1 reated 

Weight 

(average) 

Weight loss 
(24 hours) 

Dead 


/V u mber 

Milligrams 

Percent 

Percent 

12 (lays 

50 

0 47 

5 95 

100 

1 month . 

60 

77 


98 

2 mont hs 

50 

1 5 


86 

do 

25 

» P 

4 86 

2 62 

32 

1 months 

do * 

25 


60 

25 

11 32 


48 

do 

25 

H 47 

2 70 

32 

do 

25 

20 32 

2 12 

16 

4 months 

25 

5 46 

2 71 

48 

L -do 

25 

36 00 


4 


24-HOUR EXPOST7UES 


Larvae .. ... 
Prepupae. .. . 

Pupae .. 

Adults . 


Full grown 

50 

152 70 

0 28 

20 


50 


2 26 

94 

10 to 2 days 

50 


62 

38 

<6 to 8 da vs 

50 


. _ 

40 

|8 to 10 days 

to 


1 19 

86 6 

0 to 7 days 

30 


2.06 

100 


701)84—:i 
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Full-grown larvae, prepupae, pupae, and adults were exposed to 
naphthalene vapor for a period of 24 hours (table 4). Forty-eight 
hours after exposure the larvae and adults were examined and the 
number of dead recorded. Those unable to crawl were considered as 
dead. The pupae and prepupae which survived treatments were 
allowed to develop into adults; those that developed into abnormal 
adults (undeveloped elytra and pupal abdomens) were recorded as 
dead. Full-grown larvae were the most resistant to lethal effects 
of naphthalene vapor and adults were the least resistant. The 
prepupae showed marked susceptibility to the vapor, whereas the 
pupae showed marked resistance until a few days before emerging 
as adults, when their susceptibility increased greatly. It is interest¬ 
ing to note that the stages which lost the greatest weight in 24 hours 

were the ones to 
w hich naphthalene 
was the most toxic. 
About 48 hours after 
treatment the af¬ 
fected pupae began to 
turn darh*until they 
became chocola te 
colored, failed to re¬ 
spond when touched, 
and finally died. The 
reaction to naphtha¬ 
lene vapor was very 
gradual and the nerv¬ 
ous and muscular sys¬ 
tems w t ere not the first 
tissues to be affected. 

Adults emerging 
from pupae sub¬ 
jected to sublcthal dosages produced eggs which were not signifi¬ 
cantly different in number or fertility from the checks. A 6-hour 
treatment of adult mealworms had no effect on the fertility of eggs 
which surviving individuals laid, but it had a decided effect on tin 
number produced. Control specimens produced 5.4 eggs per day per 
female, while in the treated lot 1.8 eggs per day per female were 
obtained. 

For purposes of comparison several species oi adult insects and 
closely related organisms were exposed to naphthalene vapors for 
varying periods of time and examined 48 hours after treatment. The 
time required to kill approximately 100 percent of the insects is shown 
in figure 1. Diptcra were the most susceptible to naphthalene and 
Coleoptera the least susceptible of the insects used; in general it 
appeared that the most active insects were the most susceptible. 

EFFECTS OF NAPHTHALENE INJECTIONS ON YELLOW 
MEALWORM PUPAE 

It w r as thought that the injection of naphthalene into insects might 
yield some added information concerning its toxicity. Mealworm 
pupae were selected for this experiment because they w T ere uniform 
in size (w r eight) and were easily handled. 
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Olive oil was used as a solvent for naphthalene since injection tests 
with olive oil alone had shown it to be nontoxic to the pupae when 
injected in much larger amounts than those used with naphthalene. 
The injection apparatus was similar to that used by Campbell (1). 
For making injections a rubber tube 8 cm long was'attached to the 
pipette and a screw clamp was attached about 2 cm from the other 
end. The pipette was filled by suction and the screw clamp tight¬ 
ened. The pupae were held ventral aspect upward and the point 
of the glass needle was 
inserted near the lat¬ 
eral margin between 
the fourth and fifth 
abdominal segments, g 
The point w as directed j 
ccphalad for adistance 5 
of abou t 3 mm parallel < 
to the longitudinal g 
axes of the pupae, u. 

Pressure was then ap- ° 
plied to the rubber jf 
tube by the thumb g 
and forefinger which g 
drove the solution in- a! 
to the pupae. The 
bore of the needle was 
too small for any blood 
to enter and the capil¬ 
lary attraction ()f the FIGURE 2 The relation between the ( oik entrat ion of naphthalene m 
small bore prevented lWted into mealworm pupae, the rate of kill, and the total percentage 

the solution from be- ° PUPli ° 

ing sucked back when the pressure was released on the rubber tube. 
After every one or two injections the screw clamp was loosened to 
release the tension on the liquid in the capillary and then tightened 
again. The injected pupae were then placed in the constant-tem¬ 
perature cabinet for observation. 

Most of the injections were made without visible loss of blood 
Pupae up to 2 days of age were used in all the injection experiments. 
Those that developed into abnormal adults were considered dead. 
Thirty pupae w r ere used in each experiment. In the check, injected 
with olive oil alone, 10 percent failed to develop into normal adults. 
Figure 2 shows the relation between the concentration of naphthalene 
injected, the death rate, and the percentage of pupae ultimately killed 

The same toxic symptoms appeared in injected pupae as in pupae 
that were exposed for 24 hours to naphthalene vapor Within a few 
days, the time depending upon the amount of material injected, the 
pupae began to turn dark but still responded to touch by wriggling. 
They lost all power of movement and were called dead when they 
finally became chocolate-colored. Examination of the body contents 
showed discolored plasma, fat, and muscles All the tissues appeared 
to be undergoing disintegration. Naphthalene injected into the pupae 
did not produce materially different effects from those obtained with 
vapors. 

From these injection experiments it seems that naphthalene vapor 
to be effective must be absorbed by the body tissues; that it is a 
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slow-acting poison to the pupae of the mealworm; and that it affects 
other tissues before it affects the nervous or muscular systems. The 
fat bodies were probably the first tissues to be affected since they 
appeared to be partly disintegrated and discolored in treated larvae 
and pupae. 

SUMMARY AND CONCLUSIONS 

A study of the toxicity of naphthalene to the bean weevil (Bruchus 
obtectus Say) and the yellow mealworm (Tenebrio molitor L.) in their 
various stages of development is reported. 

Experiments with the eggs of the bean weevil and the mealworm 
showed that toxicity varied with the age of the eggs. It was found 
tliat the rate of respiratory metabolism of the eggs measured by the 
percentage daily loss in weight was directly related to lethal dosages 
of naphthalene. An increased loss in weight was associated with a 
greater toxicity of naphthalene to the eggs. The development of 
bean weevil eggs was noticeably retarded by sublethal exposure to 
naphthalene vapor. The developmental rate of mealworm eggs was 
not significantly affected by sublethal exposures to naphthalene. 
Eggs and very young larvae of the mealworm when fun^gated with 
naphthalene turned reddish brown, the color intensity varying directly 
with the period of exposure. 

Experiments with larvae of the mealworm showed that the toxicity 
of naphthalene decreased with increased age and weight of the larvae. 
Sublethal exposures of mealworm eggs or young larvae to naphthalene 
did not affect subsequent growth. 

Resistance to naphthalene varied greatly between instars of the 
more advanced stages of the mealworm. The order of susceptibility 
of all the stages of the mealworm to naphthalene from least to great¬ 
est resistance was* (1) Eggs, (2) young larvae, (3) adults, (4) pre¬ 
pupae, (5) pupae, (0) mature larvae. Increased respiratory metab¬ 
olism as measured by percentage daily loss in weight appeared to be 
related to increased toxicity of naphthalene with the different stages 
of the mealworm. 

In experiments w r ith several species of adult insects and closely 
related organisms Diptera were most susceptible to naphthalene while 
Coleoptera were most resistant. 

Injections of olive-oil solutions of naphthalene into mealworm 
pupae produced the same toxic effects as when the pupae were 
exposed to naphthalene vapor. Naphthalene was a slow-acting 
poison to the pupae even when injected into the body. The nervous 
and muscular systems were not the first tissues to be affected, as 
shown by the wrriggling movements of darkened, dying pupae when 
touched. Fat bodies were probably the first tissues to be affected 
since they appeared to be partly disintegrated and discolored in 
treated larvae and pupae. 
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SOME ENVIRONMENTAL FACTORS INFLUENCING THE 
DEVELOPMENT OF HAIRY ROOT ON APPLE 1 

By A J Riker, professor of plant pathology , D. IT. Palmiter, research assistant , 

and E. M. Hildebrwd, formerl} research assistant , Wisconsin Agru ultural 

Experiment Station 

INTRODUCTION 

The influence of certain environmental factors on the development 
of hairy root has been studied under partially controlled conditions. 
The need for such studies was indicated in a report by Riker and 
Hildebrand 2 on the seasonal development of hairy root on nursery 
apple trees grown from piece-root grafts. Various factors for infec¬ 
tion and the development of disease appeared to be less favorable 
either at the beginning or at the end of the season than at midseason 
Consequently, it appeared desirable to examine the relative impor¬ 
tance of vanous soil temperatures and moistures when other factors 
were similar Correlated with this work the effect of temperature 
on the growth of the causal organism, Phytomorwi s* rhizogeries R. B 
W. K and S , was determined. 

The objects of the present study were to measure the influence 

(1) of various soil temperatures on the development of hairy root, 

(2) of \arious soil moistures on the development of hairy root, and 

(3) of temperature on the causal organism. 

MATERIALS AND METHODS 

The host plants in these studies were 1-year-old root-grafted 
Faineuse apple trees, grown in southern nurseries and selected for 
uniformity. The trees ^varied in caliper from five-sixteenths to 
three-eighths of an inch and in height from 3 to 4 feet from the 
graft union. Before they were planted the roots were trimmed 
until they would fit into the containers used, and the tops were cut 
off at approximately 2 leet from the crown. As the trees grew, no 
more than two shoots were permitted to develop. 

The experiments were all conducted in the greenhouse during the 
late wunter and early spring months. This was the only time of 
the year when dormant trees could be planted and handled satisfac¬ 
torily over a sufficient period of time at the desired soil temperatures. 

The containers in which the trees were grown w T ere cylindrical 
galvanized-iron cans 8 inches in diameter and 16 inches high. Two 
trees were planted in each can. 

The soil moisture was regulated in the usual way by adding water 
until the lost weight was restored. The water was added both at 
the surface and through perforated aluminum tubes placed vertically 
in the middle of the cans. The stmdy loam employed had a moisture¬ 
holding capacity approximating 40 percent of its dry weight. The 

1 Received for publication Dec 16, 1935 issued June 1916 This work was correlated with a project 
cirned on c ooperatively between the Bureau of Plant Industry U S Department of April ulture, and the 
University of Wisconsin It was supported in part by a grant from the special research fund of the Uni 
versity of Wisconsin. See legend fig l 
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determinations were all made in percentages of the moisture-holding 
capacity of the soil. The various trials on soil moisture were made 
in a greenhouse where the temperature averaged about 24° C. 

The soil temperature was regulated by placing the cans in Wiscon¬ 
sin soil-temperature tanks and adjusting the temperature of the 
water. The temperatures in the soil employed were 12°, 16°, 20°, 
24°, 28°, and 32° C. The surface of the soil in every case was covered 
with an inch of ground cork to lessen evaporation and to maintain 
more uniform temperatures in the upper layers of soil. The soil 
moisture in the temperature series was 80 percent of the moisture¬ 
holding capacity of the soil in 1931, but was 75 percent in the later 
tlnee trials. The tanks employed and the genera] procedure, except 
as noted, were similar to those used earlier by Hiker/ 

The cultures employed in these studies were the progeny of indi¬ 
vidual cells. Their previous history has been described by Wright 
et al. 4 under the numbers C 10, (Ml, and CM2. They were intro¬ 
duced through scalpel cuts into the scions of the young apple trees 
after they had broken dormancy. The five inoculations in each tree 
were made well below r the surface of the soil. 

Three trials involving soil-temperature and soil-moisturetries were 
run, respectively, during 1931, 1932, and 1933. Since difficulty was 
experienced with the 32° C. tank in 1931, and the temperature 28° 
had previously been found suitable and 32° unsuitable for the forma¬ 
tion of crown gall on tomato, 3 particular attention was paid to these 
two temperatures in trials during 1934. 

The numbers employed in the individual temperature trials were 
uniform. For each soil temperature during every season a single 
trial included eight cans with two trees each and live inoculations per 
tree. Thus every trial was based upon 80 inoculations. In each of 
the soil moistures employed four cans were used in 1933 and six cans 
in 1931, 1932, and 1934/ 

DEVELOPMENT OF HAIRY ROOT AT VARIOUS SOIL 
TEMPERATURES AND MOISTURES 

The results of these studies w r ere recorded in both the temperature 
and moisture series on (1) the grow th in height of the host plant, (2) 
the percentage of infection by the hairy root bacteria, and (3) the 
growth measured by weight of the hairy root at the point of inocula¬ 
tion. 

The records of the different trials in 1931, 1932, and 1933 have 
been averaged to secure the data presented. In 1931 no infection 
was secured in the 32° tank, which correspondingly lowered the final 
averages lor incidence of infection and for weight of hairy root. In 
1934 three tanks containing eight cans w T ith two trees each were run 
at approximately 28° C. A similar set was run at 32°. Since these 
results corroborated the data presented at these temperatures, the 
details are omitted. 

The growth of the host plant varied over the temperature range 
employed (figs. 1 and 2, .4). It was greatest at 20° C., relatively 

3 ftlKKR, A J. HTl DIES ON THE INEI I ENCE OF SOME ENVIRONMENTAL FACTORS ON THE DEVELOPMENT 

of crou N cjall. Jour Apr Research ,12 83 %, illus 192f> 

4 W'right, W II , Hendrickson, A A , ami Rikek, A J sti dies on the progeny of single-cell 
isolations frol THE HAiRY-RooT and crown-gall organisms Jour \ gr . Research 4 1 541-547, illus 



May i, im Factors Influencing Development of Hairy Root on Apple 717 


vigorous at 10°, 24°, and 28°, and relatively poor at 12° and 32°. 
The growth of the host plant in the different soil moistures employed 
in 1932, 1933, and 1934 appeared to be approximately the same at 
75 and 90 percent of the moisture-holding capacity, but was distinctly 
lower at 60 percent (fig. 3). The growth during 1931 in a trial witli 
40 percent moisture was quite inferior. The number of successful 
inoculations and the weight of hairy roots were also less. Other 
trials in 1931 at 60- and 80-percent moisture gave results comparable 
to those at 60- and 75-percent moisture during 1932, 1933, and 1934. 



F K*i ri 1 Tin* cfFect of soil temperature 1, On the i>er( eutage of infection on young apple trees by hair> 
root bu' teria H, on the length of shoot growth of the apple trees, ( on the amount of hairy root growth 
as measured by wet weight All lllustiations prepared by Fugene Jlerrling 


The percentage of infection by the hairy root bticteria was greatest 
at 24° and 28° C\, and progressively less above and below these 
temperatures (fig. 1). The percentage of infection was slightly but 
not significantly greater at 75 percent of the moisture-holding capacity 
of the soil than at either 60 or 90 percent (fig. 3). 

The grow th of hairy root (fig. 2, B) following infection, as measured 
by wet weight approximately 10 to 11 weeks after inoculation, was 
greatest at 24° and 28° O., but progressively less at higher and lower 
temperatures (fig. 1 ). The growth of hairy root in the moisture 
series very closely paralleled that for growth of shoots. It was 
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relatively good from 60 to 90 percent; being approximately the same 
at 75 and 90 percent and slightly 'ess at 60 percent (fig. 3). The 
development of hairy root, like that of crown gall 5 , seems to be 
associated with the vigor of the host growth 





1 


*i<»i it» 2 A shoot grow th of \ otitic apple tiees at soil temperatures of 12° lf>°, 20°, 24°, 28°, and 32° C. 
from left to right, respectnely A, hairy root growth at the same temperatures 

GROWTH OF HAIRY ROOT BACTERIA AT DIFFERENT 
TEMPERATURES 

The growth of the hairy root bacteria -was studied in both solid 
and liquid media at temperatures ranging, at 4° intervals, from 4° to 
30° t\, inclusive. Needle-point transfers were made to plates poured 
with carrot-extract agar so that seven equidistant colonies were grown 
in each Petri dish. Five dishes were grown at each temperature. 
The average diameters of these colonies after 16 days were taken as 
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May 1,1936 


Factors Influencing Development of Hairy Root on Apple 719 


the measure of growth at the different temperatures. The trials 
were made three separate times and all results averaged. Thus each 
point on the graph (fig. 4) represents the average diameter of 105 
colonies. 

Similar trials were made with yeast-infusion mannite agar that had 
the following composition: Magnesium sulphate (MgS0 4 .7H 2 0), 
0.2 g; sodium chloride (NaCl), 0.2 g; calcium chloride (CaCh), 0.1 g; 
dibasic potassium phosphate (K 2 HP0 4 ), 0.2 g; 10 percent yeast 
infusion, 100 cc; mannite, 10 g; agar, 17 g; and water to make 1 liter. 



Fiat re 1 —The effect of soil moisture A t On the percentage of uifec tion on young apple trees !>\ hairy 
root bacteria, B, on the length of shoot growth of the apple trees, C, on the amount of the hairj root 
growt h as measured by wet weight 

The reaction was adjusted to pH 7.0. The results are shown in 
figure 4. - 

Similar trials were made with the yeast-infusion mannite media 
described above except that no agar was added. The amount of 
growth was measured by turbidity in relation to the McFarland 6 
nephelometer scale. The results appear in figure 4. 

These three different trials show that the largest amount of vege¬ 
tative growth occurred at approximately 28°, although the growth 
was relatively good between 20° and 32° C. A slight amount of 
growth was found at both 4° and 3f>°. 

“McFarland, J the nephkiometer an instrument for estimating the number or bacteria 

IN SUSPENSIONS l BED FOR CALU LATINO THE OPSONIC INDEX AND I OR VACCINES JOUT. Amer Med ASSOC 
49 1176-1178. lllus. 1907 
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DISCUSSION 

These studies assist in the interpretation of several results pre¬ 
viously reported bv Riker and Hildebrand 7 , particularly in relation 
to the incidence of infection, incubation period, and rate of growth 
of apple trees and hairy roots 

The percentage of infection was greatest at 24 and almost as great 
at 28° C. This is at the upper limit for vigorous growth of the trees 
and is approximately at the optimum for the growth of the bacteria. 


If) 



I h.i hk 4 - I ho eftoct of temperature on the development of hairy root bacteria as measured ( t) by 
turbiditv in tubes of liquid veist infusion manmte media and b> the average eolonv diameters on (B) 
ye 1 st infusion manmte and on (C) cirrot-extract agars 


The smaller percentage of infection at lower temperatures correlates 
with the low incidence of infection in the spring noted by Riker and 
Hildebrand when the apple grafts were inoculated at the time of 
grafting. However, these writers found that by midsummer the in¬ 
cidence of infection was very high. It seems likely from the symptoms 
of the liairv root observed at the lower temperatures that a much 
higher incidence of infection would have occurred if the inoculated 
trees either had been given a longer time or had been exposed to a 
higher temperature. Perhaps a similar explanation would account 
for the variation in the percentage of infection with varying soil 


' Kikkr, A J , and Hildebrand, E M See footnote 2 
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moisture; i. e., the incubation period was not long enough under the 
conditions to give the maximum percentage of infection 

The incubation periods defined and observed by Riker and Hilde¬ 
brand were shortest during midsummer when the temperature was 
high and the trees were growing rapidly. Thus the environmental 
conditions that favor short incubation periods appear also to favor 
the growth of hairy roots. 

The active development of hairy root was greatest at 24° and 28° C., 
temperatures at which the trees were growing vigorously and the 
bacteria were making maximum vegetative growth. Thus it appears 
that the short incubation periods are correlated with conditions 
favorable for active growth by both host and bacteria. 

The growth of the apple shoots was relatively vigorous between 10° 
and 28° O., inclusive. Although the growth of both the host and the 
bacteria was relatively vigorous at 16° and 20°, the hairy roots grew 
more actively at the higher temperatures. No reason for this is ap¬ 
parent. The question might be raised whether the factors for root 
stimulation are present in larger quantity in this 24° to 28° range. 
In the moisture series the growth of the hairy root appears to be 
correlated with that of the host. 

SUMMARY 

Inoculations with Phytomonas rhi cogenes were made on 1-year-old 
Fameuse apple trees kept at graduated soil temperatures and soil 
moistures. The highest incidence of infection, in the time of the 
experiment, appeared at 24° to 28° t\, and at 60 and 75 percent of 
the moisture-holding capacity of the soil. This probably indicated 
the shortest incubation period. The growth of the shoots in length 
was greatest at 20°, with vigorous growth between 16° and 28°. 
Their growth was also more \igorous at 75 and 90 percent soil mois¬ 
ture than at 60 percent. The development in weight of hairy root 
was greatest at 24° to 28°. It was good over the entire range and 
only slightly greater at 75 and 90 percent moisture than at 60 per¬ 
cent. The air temperature was approximately 24°. 

The growth of the hairy root bacteria was measured by colony 
diameter on yeast-infusion and carrot agar, and by turbidity in a 
yeast-infusion liquid medium, at temperatures from 4° to 36° (\ 
Vegetative growth was greatest at 28°, good ut 16°, 20°, 24°, and 
32°, moderate at 8° and 12°, and slight at 4° and 36°. 
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INTRODUCTION 

This paper deals with the changes that normally occur in the rind 
of Valencia and Washington Navel oranges (Citrus sinensis (L.) 
Osbeck) both while the fruit is on the tree and after it is picked and 
held in storage at various temperatures. The investigation formed 
part of a general physiological study of the rind of citrus fruits with 
particular reference to the cause or causes of certain rind pitting and 
spotting diseases that occur in transportation and storage. 

When the work uas begun it was deemed desirable to place the 
greater emphasis upon the determination of the normal changes in 
the rind that occur while the fruit is on the tree. However, even at 
that time, a few collections were taken for storage study. Emphasis 
was not shifted to the determination of changes in the rind under 
various storage conditions until considerably later. Therefore, this 
paper is concerned almost entirely with the rind of Valencia and 
Washington Navel oranges in the iield, and the observations on the 
effects of cold storage are to be considered preliminary. 

Although the results of this investigation allow the comparison of 
the Washington Navel and Valencia orange rinds in certain aspects, it 
should be kept in mind that under the circumstances much more than 
varietal characteristics must be considered. One of the most impor¬ 
tant factors invoked is the difference in the season of the year in which 
the two varieties are harvested. This phase of the investigation is 
considered in the section of this paper dealing with a comparison of 
the Washington Navel and the Valencia orange rinds. 


REVIEW OF LITERATURE 

In previous papers on oranges a preponderant amount of attention 
lias been given to the pulp and juice. The reason for this is readily 
understood, but when one comes to deal with an important disease 
that has its seat entirely within t^ie rind, the physiology of this tissue 
assumes a new interest. It is true that much is known regarding the 
essential oils of the rind, but relatively little is knowm of its other 
constituents, particularly in relation to their seasonal variations in the 
fijcld or in storage 

Bigelow and Gore (/) 2 observed changes in the proportion of rind 
to pulp of oranges during ripening, and later Copeman (3) made 
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similar observations through a period of 104 days. Both of these 
papers record a small but constant decrease in the proportion of rind 
to pulp as the season advances. Willimott and Wokes (8> 9) reported 
an extensive study of seasonal distribution of vitamins, oxidases, 
sugars, and acid in the pulp and rind of citrus fruit. Recently 
Gaddum (4 ) has followed the seasonal variation of the pectins in 
Valencia oranges. lie found that the pectic compounds remained 
practically constant in the albedo and pulp until after the full-ripe 
stage, when they began to decline; and that the water-soluble pectins 
increased to a maximum just previous to the beginning of the decline 
of the pectic compounds, after which they also began to decline—a 
situation which is of interest in connection with the late-scason increase 
of susceptibility to storage spot often observed. Many other papers 
are concerned either wdiolly or in part with the orange rind, but most 
of the experiments reported were not designed to show seasonal 
behavior. As a guide to these works, the extensive bibliography of 
the genus Citrus compiled by Matlack 3 is recommended. 

MATERIALS AND METHODS 

The study reported herein was carried on through the orahge seasons 
of 1932 and 1933 in two localities, Pomona and Corona, Calif. 4 

Collections could not be made from the tw r o localities on the same 
day because of the time required in the laboratory to give each the 
necessary immediate care. Usually the Corona collection was made 
1 day after the Pomona collection, but in December and January there 
w r as a difference of 4 days; and in both instances a rise of temperature 
occurred immediately following the collection at Pomona. As a 
result the means for the 5-day periods preceding the corresponding 
collections at Corona w ere several degrees higher than they would have 
been had the pickings been made the next day after the ones at Pomona. 

Collections w r ere always made in the earlv morning Each field 
collection consisted of 50 fruits, or 10 from each of 5 selected trees, 
taken w r ith as uniform spacing as possible. When the fruit arrived in 
the laboratory the rinds were removed at once and each rind was 
divided into six portions as follows: (1) Stem-end flavedo; 6 (2) stem- 
end albedo, (3) equatorial flavedo, (4) equatorial albedo, (5) blossom- 
end llavedo, and (6) blossom-end albedo. A separation of this sort 
w'as considered desirable on account of the frequent localization, 
especially in the Valencia orange, of pitting and spotting in more 
or Jess specific portions of the rind. This arrangement allowed the 
making of four major comparisons, namely: (1) Seasonal, as regards 
the rind as a whole, and both general and seasonal of (2) stem and 
blossom ends, (3) flavedo and albedo, and (4) fruit from the two 
localities. The equatorial portions were analyzed exactly as were 
the stem-end and blossom-end portions, but the data are not consid¬ 
ered necessary for this report and are not presented, unless specifically 
mentioned. The quantities recorded for the equatorial portions are 
almost always intermediate in value between the corresponding ones 
m the stem and blossom ends. 


cMm' B 1S9 pp BU m“ A ”(Mf > me«e K dT aY ° F 0Et "' S C,TRDS - U ‘ 8 ‘ Dept - A « r - Bur ' 

S3 Rt Corona^^ 

* The terms “flavedo" and “albedo" designate outer rind and Inner rind, respectively. 
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Water was determined in fresh lots which were separated from the 
general macrochemical sample just previous to the preservation of 
the latter in alcohol. Two methods were employed: (1) The usual dry¬ 
ing of the tissue to constant weight and (2) the toluene method. The 
latter method, in spite of its known faults, was found to be the more 
satisfactory for the flavedo because of the error introduced by oven 
drying, due to the high volatile-oil content of this outer rind tissue. 

The general inacrochemical samples consisted of 50 g fresh weight, 
and these, as just indicated, were preserved by covering them with 
95-percent alcohol and heating to 70° C. for 1 hour. 

Nitrogen and carbohydrates were determined by the methods 
described by Harvey (6, pp 8 , 9). 

The sugars were calculated as follows: (1) “Reducing sugar”, as 
glucose, from the copper equivalent to the permanganate titration 
before inversion; (2) “invert sugar”, as invert sugar, from the copper 
equivalent to the permanganate titration after inversion minus the 
permanganate titration before inversion; and (3) “total sugar”, as 
the sum of “reducing sugar” plus “invert sugar.” 

Hespeiidin was determined in the rind of the Washington Navel 
variety only. The method of analysis was as follows: Into a 300-ml 
Florence flask were transferred 25 ml of the extract, or soluble fraction, 
51 ml of water, and 4 ml of concentrated hydrochloric acid. This mix¬ 
ture was allowed to simmer for 40 minutes under a reflux condenser. 
The contents of the flask were then cooled, neutralized, and filtered. 

In the early analyses hesperidin was determined by two methods: 
(1) By collecting the insoluble dcri\ ative, hespeiitin, on a Gooch filter, 
then drying and weighing; and (2) by determining the increased reduc¬ 
ing power after hydrolysis. Both methods were tested with pure 
hesperidin solutions as well as with tissue extracts The gravimetric 
method, although satisfactory otherwise, required such large samples 
(200 ml of extract) to obtain sufficient accuracy that it was finally 
abandoned in favor of the other method, that is, the determination of 
the sugars derived from hesperidin. The weight of the sugars found 
was multiplied by the factor 2.17. This is larger than the theoretical 
factor, but it was found that the destruction of sugar during hydrol¬ 
ysis made this modification necessary. 

Hydrogen-ion determinations were made on the rind of Washington 
Navel oranges by means of a Leeds and Northrup “student” poten¬ 
tiometer with a quinhydrone electrode. Juice from the different 
rind portions was obtained by means of a specially constructed press 
after the tissue had been frozen for 24 hours at temperatures of 
— 15° to -20° F. Flavedo tissue readily yielded abundant juice, 
but it was often difficult to express sufficient quantities of juice from 
the amount of albedo tissue available. 

In making the hydrogen-ion determination it was found that the 
potential of the rind juice showed a strong tendency to drift during 
readings. This difficulty was largely overcome by using a large excess 
of quinhydrone and by diluting the juice to five times its original 
volume. At this dilution the pH was approximately the same as that 
of the undiluted juice, whereas a lesser dilution had a tendency to 
give a smaller pH and a greater dilution a larger pH than the original. 

In each locality five adjacent trees of Valencia oranges were selected 
to furnish the experimental material. The trees at Pomona were 28 
years old and were growing in Hanford gravelly sandy loam. One- 
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half of each tree was irrigated every 2 weeks. At Corona the trees 
were within a year of the same age and were growing in Yolo gravelly 
loam. The whole of each tree was irrigated about every 30 days. 

From May 18 to November 14, 10 collections of fruit were made 
from each locality. The results indicated later that the first collection 
probably should have been made about May 1 or April If) instead of 
May 18 when the fruit was already well colored. The interval 
between collections was 2 weeks except the last three intervals, which 
were approximately 30 days. In November additional lots were 
collected from each locality and stored, some at 33° and some at 53° 
F. These were held for 7 weeks for observation and analysis. 

The Washington Navel oranges were from similarly selected trees in 
the same localities. The tiees in the Pomona grove were 43 years 
old and those in the Corona grove were 30 years old. 

The intervals between collections varied with the season as follows: 
Those between collections nos. 1 and 2, and 2 and 3 were 3 weeks; 
those between nos. 3 and 4, and 4 and 5 were 4 weeks; and the interval 
between nos. 5 and 6 was 6 weeks. 

Additional lots of fruit were collected from each locality for storage 
at 52°, 42°, and 32° F. These collections corresponded with the field 
collections of January (no. 3), March (no. 5), April (no. 6), and the 
extra Pomona field collection. 

Six regular field collections were made during a period of 140 days 
beginning November 25, 1932, and ending April 13, 1933. The first 
collection was made before the usual commercial picking time, when 
the fruit was still dark green, and the last was made after the regular 
picking season. From the first the Pomona fruit was somewhat 
deeper in color than the Corona fruit, and as the season advanced it 
became evident that the latter was maturing more rapidly than the 
former. By the first week in January the fruit at both locations was 
well “colored.” One extra field collection was made at Pomona on 
May 25 to serve as a control for a storage experiment that was started 
on that day. Since the last collection date at Corona coincided with 
the time of full bloom, the fruit was falling readily and showed some 
lack of firmness. On the corresponding collection date at Pomona 
the fruit was still firm, and the trees were not in full bloom until May 
25. At the last, or extra, collection at Pomona the trees were blossom¬ 
ing and the fruit was much like that at Corona on the previous collec¬ 
tion date. 

EXPERIMENTAL RESULTS 


Most of the experimental data reported herein were obtained under 
held conditions, but some were obtained under conditions of storage. 


CHANGES UNDER FIELD CONDITIONS 
Seasonal Changes 


The chemical data are summarized in table 1, which gives the 
average values of the different substances under observation. These 
averages were calculated from the combined results of all portions of 
theJ*ind and from both localities for each collection date; for Valencias 
each value is the average of 24 analyses and for Washington Navels it 
is the average of 16 similar analyses. 6 


* 

* Duplicate samples were analysed Irom each of the two localities; with the Valencia rinds them warn air 
££££ E * h6 W “ h,Dgt0D N »velsonly four portions sin™the'pSrtKSTfSl 



Seasonal changes in the chemical composition of orange rinds 
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56.49 
60.17 

61 99 

62 95 

Total 

sugar 

Percent 

29.29 

31.44 
31.43 
31.03 
29.24 
31.14 
30.00 
28.70 
28.34 

28.45 
29. 73 
34.02 

35.13 
38.19 
40.55 
41.12 

Invert 

sugar 

Percent 

9.18 
9.78 
10.07 
10.66 
10.18 
11.69 

11.34 

13.35 
10.56 

7 71 

5. 71 
6.09 

4. 76 
6.63 
6.35 
6.27 

6 i* 

3 Ml «j 

•OB 3 

JSi 35 

PS 

Percent 

20.11 

21.66 

21.36 

20.37 
19.06 
19.45 
18.66 
15.35 
17.78 
20.74 
24.02 
27.93 

30 37 

31 56 
34.20 
34.85 

Date of 
collec¬ 
tion* 

im 
May 21 
June 4 
June 18 
July 2 
July 16 
July 30 
Aug. 13 
Sept. 10 
Oct. 8 
Nov. 12 
Nov. 25 
Dec. 16 

1933 
Jqp. 5 
Feb. 1 
Mar. 1 
Apr. 12 


Variety 

Valencia__ 

! 

Washington Navel__ 


ff 
* £ 
o * 

•S'® 


. a SB 

SSI 

.sJj ^ 

>■ heft 

a p+- 

goa 


I 2 3 


* 2 
3 a 
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Water .—In such a summary of data as that given in table 1 it does 
not appear at a glance that there was really a seasonal trend of water 
content; but on closer examination and in consideration of the number 
of analyses represented, it becomes clear that in Valencia oranges 
there was a gradual rise ot water nearly to the end of the season (fig. 1). 
After that time there was a slight decrease of water, as recorded in 
the last collection. In the data from individual portions of the rinds 
(data which cannot be presented here on account of limited space) 
some considerable fluctuations of water were noted. However, all 
these larger variations seemed to be correlated chiefly with the avail¬ 
ability of soil moisture, although there was some correlation with 
temperature and other environmental factors, but not with the 



fif.URE 1 Seasonal i halves in mean air temperature (means for 5-day periods preceding collections'' 
water soluble and insoluble solids, and hydrolyzable polysaccharides content of the rind of Valencia 
and VV ashmgton Navel oranges 


maturity of the fruit. That is to say, the water-holding power of 
orange rinds changed only slightly with the season. The water 
content was not correlated closely with mean temperature, possibly 
because all collections were made early in the morning, when the 
saturation deficit set up during the previous afternoon may have been 
mostly satisfied. 

The magnitude of this possible diurnal variation of water content 
in Valencia rinds was investigated through a period of 24 hours. 
Six collections were made during a night and day following a hot day. 
The largest diurnal difference between midafternoon and early 
morning was about 2 percent, but this value is probably not very close 
to the maximum variation produced by the occasional severe con¬ 
ditions encountered in orange groves during the summer. 

In Washington Navel oranges the water content showed a downward 
trend during the early part of the season, followed by fluctuations 
due to immediate environmental factors (fig". 1). 
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Soluble solids .—In Valencia oranges, as shown in figure 1, the 
soluble solids in the rinds as a whole vary almost inversely with the 
mean temperature. 7 There is a broad minimum during August- 
September, corresponding to the hottest weather of the season, and 
two maxima, one in June and the other in Oetober-November, the 
coolest periods. The separate portions of the rinds often showed 
greater fluctuation but in the same direction. The higher tempera¬ 
tures and the lower water content evidently favored the condensation 
of sugars in the rinds to insoluble polysaccharides, hence the lower 
soluble solids. In Washington Navel oranges, on the other hand, 



Figure 2.—Seasonal changes m mean air teinjiernture (means for 6 day periods preceding collections), 
reducing and invert sugar, total nitrogen, hydrogen-ion concentration, and hesperidin content of the 
rind of Valencia and Washington Navel oranges 


there was an increase in soluble solids and a decrease in insoluble 
solids as the season advanced. 

Hydrolyzable polysaccharides .—In Valencias the polysaccharides 
graph (fig. 1) shows a strong tendency to parallel the mean-tempera¬ 
ture graph. When temperatty*es were high the polysaccharides 
were high, and vice versa. Individual portions of the rind showed 
this tendency more strikingly than did the rind as a whole. In 
Washington navels the graph for polysaccharides practically parallels 
that for insoluble solids. 

Total sugar .—In Valencia oranges total sugar showed little change 
through the season, owing to the fact that the behavior of the reduc¬ 
ing sugar was almost the reverse of that of invert sugar on all 

i The mean-temperature graph was constructed by averaging the mean temperature of the 6 days im 
mediately preceding each collection date at each locality. The two graphs resulting were essentially 
alike throughout, that of Corona being somewhat the higher. 
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occasions: if reducing sugar was high, invert sugar was low, and 
vice versa. The graph in figure 2 representing reducing sugar is 
somewhat similar to that of soluble solids (fig. 1). The invert-sugar 
graph (fig. 2), on the other hand, nearly parallels the mean-tempera¬ 
ture graph. 

The seasonal trend of reducing sugar is of considerable interest. 
There are two maxima and one minimum. The first maximum 
occurred at the second collection; it may have marked the end of 
the relatively rapid development of the orange toward maturity. 
As the season advanced the general level at which reducing sugar 
could be maintained (without being condensed to sucrose or other 
higher carbohydrates) became lower and lower, reaching a minimum 
during the hottest weather. This minimum perhaps marked a 
stage just previous to rapid deterioration. It was the time when 
the rind was freest from green color, and it coincided with the invert- 
sugar maximum. After this period there was an apparent reversal 
of the processes and the rinds began to “go back” in color, or become 
greener, particularly at the stem end. The reducing sugar increased 
and the invert sugar decreased, so that, as the temperatures dropped 
in autumn nearly to those of April or early May, the ehemfcal picture 
within the Valencia rinds became similar in this respect to the one 
early in the season. 

In the Washington Navel \ariety total sugar increased continually 
through the season, largely because of the steady increase in reducing 
sugar (fig. 2). Invert sugar fluctuated apparently more under the 
influence of immediate environmental factors. The graph of invert 
sugar is somewhat the inverse of the mean-temperature graphs, 
although there was apparently a very small increase as the season 
progressed. 

Nitrogen. There were no large seasonal changes in the percentage 
of total nitrogen, which was determined only in the Valencia variety. 
The individual portions of the rind showed numerous apparent 
fluctuations not only in the percentage of but also in the relations 
between soluble and insoluble nitrogen. Whether the total quantity 
of nitrogen actually changed is difficult to determine on account of 
the much greater variations of other substances. There must have 
been changes in the form, because, for example, the nitrogen released 
upon the decomposition of chlorophyll seemed to have remained in 
the rind; at least, the percentage of total nitrogen continued to 
increase gradually to the time of the marked decline of the rind 
in September (fig 2). Near the end of the observation period the 
percentage of total nitrogen began to diminish although the rind 
became greener. 

Ilesperidin - Hesperidin was determined only in rinds of the 
Washington Navel variety, in which it was found to diminish during 
the winter to a little more than one-half the original percentage 
(fig. 2) - 

Hydrogen-ion concentration. —Hydrogen-ion concentration likewise 
was determined only in the rind of the Washington Navel variety. 
It changed very little during the entire period of observation al¬ 
though there was a very small but steady decrease during this period 
(fig. 2). 
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Comparison of Stem and Blossom Ends 

To make a general comparison of stem and blossom ends of the 
rinds, all determinations belonmng to each end were brought together 
and the average values calculated (table 2). Each average repre¬ 
sents the albedo and fiavedo for all collections, both at Pomona and 
at Corona. Table 2 shows a striking difference between stem and 
blossom ends of the rinds of both varieties, certain phases of which 
were reported upon by Klotz and Haas ( 5 , 7). The following dif¬ 
ferences are show n in table 2 and figure 3: The rind of the stem end 
exceeded that of the blossom end in percentage of water, reducing 
sugar, total sugar, soluble solids, and soluble nitrogen; 8 the blossom- 
end rind exceeded the stem-end rind in invert sugar, insoluble nitro¬ 
gen, 8 hydrolyzable polysaccharides, insoluble solids, crude fiber, 8 and 
flavedo-albedo ratio. In the Washington Navel rinds hesperidin and 
active acidity were likewise higher in the blossom end. Few excep¬ 
tions to these differences occurred on any collection date or in either 
locality. 

In addition, there were some very interesting seasonal variations in 
the difference between the two end rinds, particularly in the Valencia 
variety. The general summary as given in table 2 cannot disclose 
such seasonal trends; howe\er, figure 3 shows how the difference 
between the stem and blossom ends fluctuated through the season. 
In Valencia oranges the difference in sugars tended to increase as the 
season advanced until the September 10 collection, when the maxi¬ 
mum divergence was reached. If the graphs for sugars in Valencia 
oranges (fig. 3) are compared with the mean-temperature graph (fig. 
1) it will be seen that the graphs are remarkably similar, indicating 
that the difference between the composition of the stem and blossom 
ends was a variable influenced by the temperature and that the higher 
the mean temperature the greater was the divergence. The graphs 
of figure 3 also show the seasonal dnergence or difference between 
the two end rinds as regards insoluble solids, soluble solids, and 
hydrolyzable polysaccharides. In Valencia oranges these constitu¬ 
ents do not exhibit a similar close parallelism with the mean-tempera¬ 
ture graphs (as shown in figs. 1 and 2), but they agree in giving the 
greatest seasonal divergence for these substances as occurring at the 
September 10 collection. The seasonal-divergence graphs for water 
and nitrogens presented in figure 3 are similar to each other but do 
not parallel the mean-temperature graph. On analysis of the varia¬ 
tions of the two rinds in respect to water it was found that in every 
case such variations were caused by the more rapid loss or the 
slow r er gain of water by the blossom end of the orange. This finding 
agrees with observations on the diurnal variations of water in Valencia 
rinds referred to on page 728, when it was noted that the blossom end 
showed somewhat the larger diurnal deficit. 

Some emphasis has been placed here upon the seasonal variation 
of the difference between the two end rinds for the reason that if there 
is any significance in the many recorded differences between the ends 
of Valencia rinds in relation to storage and other spotting it should be 
of interest to know that the difference is strongly affected by seasonal 
factors. 


* Determined only m the Valencia variety 
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Table 2. —A comparison of the chemical composition of orange stem-end and 

blossom-end rinds 1 


VALENCIA 



Reducing sugar 

Invert sugar 

Total sugar 

Soluble solids 

Portion of rind 

Average 

i Range 

Average 

i Range 

Average 

Range 

Average 

Range 

Stem end. - . 
Blossom end_ 

Percent 
24 59 
15.69 

Percent 

21 91-26 39 
11.03-19.05 

Percent 
10.30 
10.51 

Percent 

6.95-11.96 

7.98-14.05 

Percent 

34.89 

26.20 j 

Percent 

33.11-37.24 
24.85-28.43 

Percent 
57.57 
50.24 

Percent 

50.98-61.20 
47. 62-52.80 

Portion of rind 

Insoluble solids 

Hydrolyzable 

polysaccharides 

Soluble nitrogen 

Insoluble nitrogen 


Average 

Range 

Average 

Range 

Average 

Range 

Average 

Range 

Stem end. 

Blossom end. 

Percent 
32. 56 
39.05 

Percent 

28 12 38.25 
36.69-42.97 

Percent 

10.17 

14.53 

Percent 

7. 20-12.69 
11.43-17.73 

Percent 
0.439 
.401 

Percent 

0.386-0.517 
.366- .451 

Percent 

0 432 
.496 

Percent 

0.397-0.404 
.476-. 530 


Portion of rind 

Total nitrogen 

Water 

i 

Crude iiber 

"V " 

Flavedo-albedo 

ratio 


Average 

Range 

Average 

Range 

Average 

Range 

Average 

Range 

Stem end. 

Blossom end _ 

Percent 

0.871 

.897 

Percent 

0.801 -0.958 
. 853- . 980 

Percent 
76 9 
08.9 

Percent 

74.9-79.5 
67 7 69. 8 

Percent 

22.39 

24.52 

Percent 

20 11-27.47 
23.26-26.95 

Percent 

1.54 

1.74 

Percent 
1.36-1.67 
1.60 1 87 


WASHINGTON NAVEL 


Reducing sugar Invort sugar Total sugar Soluble solids 

Portion of rind -— ,--r-—-- - ■ 


\ verage 

Range 

Average 

Range 

A verage 

Range 

Average 

Range 

Percent 

Stem end, _ 32 97 

Blossom end... 28.01 

Percent 

25. 81-37. 59 
22 24-32. 27 

Percent 
5.89 
6.05 

Percent 

4. 23-6.97 
5.29-6.93 

Percent 

38.86 

34.06 

Percent 
31.34-43 99 
28.12-38. 24 

Percent 
62.11 
55.25 

Percent 

57. 07-65. 73 
48. 92-60. 18 


Portion of rind 

Insoluble solids 

Hydrolyzable 

polysaccharides 

Water 

Flavedo-albedo 

ratio 


Average 

Range 

Average 

Range 

Average 

Range 

Average 

Range 

Stem end. 

Blossom end. 

Percent 
37.89 
44.75 

Percent 

34. 27-42.93 
39 82-51. 08 

Percent 
12.18 
15. 02 

Percent 
10.88-13.95 
12.97-16.75 

Percent 

75.8 

71.7 

Percent 
73.4-78.4 
70. 2-73. 2 

Percent 
0 94 
1.15 

Percent 

0.87-1.02 
1.10-1.23 


Portion of rind 

I Average I Range I Average I range 


Percent Percent pH pH 

2.60 0.69-3.93 6.82 6.48-6.08 

3.38 2.67-3.78 6.56 6.27-5.74 


1 All values except water and hydrogen-ion concentration are calculated on the basis of dry weight. 


Stem end_ 

Blossom end. 
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Comparison of the Flavido and Albedo 

Table 3 gives a summary of all analyses arranged in such a manner 
as to allow comparison between the composition of the outer and the 



JbniURi i Stusonal diflorences betwein stem and blossom ends with respect to certain constituents of 
the rind of Valencia uid Washington Navel oringes 


inner layers of Valencia and Washington Na\el orange rinds. The 
principal differences observed may be stated briefly as follows: In 
the Valencia rinds the flavedo always exceeded the albedo in weight 
(as indicated by the fact that the ratio always exceeded 1) and in 
nitrogen, but the al¬ 
bedo exceeded the 
flavedoin crude fiber. 

In both varieties the 
flavedo also had a 
higher percentage ot 
reducing sugar, in¬ 
vert sugar, total 
sugar, and soluble 
solids; the albedo had 
a higher percentage 
of insoluble solids 
and hydrolyzable 
polysaccharides. 

There W as no marked Iioukb. 4 — Comparison of seasonal changes in the flavedo and albedo 
difference in the per- lover of the rind of Valencia oranges with respect to the sugar 

cent age of water. In 

the Washington Navel variety the albedo w r as higher in liesperidin 
and active acidity 

In Valencias the ratio of flavedo to albedo was always greater than 
unity. At the beginning of the Valencia season it was 1.57, increasing 
to a maximum of 1.77 at the September 10 collection. The variation 
of this ratio seemed to be due largely to changes within the albedo. 





734 


Journal of Agricultural Research 


Vol 52, no 10 


Table 3 —A comparison of the chemical composition of orange ftavedo and albedo 1 

VAT F NCIA 


— 

— 


— 

— -. 

— 

—. 




Reducing sugar 

Invert sugar 

1 otal sugar 

Soluble solids 

Portion of rind 

Aver 

age 

Range 

Aver 

age 

Range 

Aver 

age 

Range 

Aver 

age 

Range 

Flavedo 

Altiedo 

Percent 
19 74 
19 01 

Percent 

16 53 23 35 
10 If) 21 76 

1 

Percent 
J1 62 

9 12 

Percent 

8 23 14 57 

6 69 11 44 

Percent 
31 36 
28 13 

Percent 

29 25 34 44 
27 87 30 92 

Percent 
53 69 
51 44 

Percent 

48 81-56 62 
48 22 54 21 


Insoluble solids 

Ilvdrolyrable polv 
saccharides 

Soluble nitrogen 

Insoluble nitrogen 

I ortion of rind 









Aver 

age 

Range 

\ver 

age 

Range 

Aver 

age 

Range 

Aver 

age 

Range 


Flavedo 

\lhedo 

Percent 
25 80 
48 54 

Percent 

22 93 28 43 
44 00-52 99 

Percent 
8 12 
17 04 

Percent 

5 14 10 98 
12 78 20 07 

Percent 
0 503 
328 

Percent 

0 462 591 
270 384 

Percent 
0 525 
408 

Percent 

0 496-0 533 
358- 449 



| Tot d nitrogen 

W ater 

( rude fiber 

flavedo albedo 
ratio 

Portion of rind 









Aver 

age 

Range 

Aver 

age 

Range 

Aver 

age 

Range 

Aver 

age 

Range 


Flavedo 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

1 028 

0 976 1 087 

72 9 

71 7 74 5 

17 68 


1 (>4 

1 57 1 77 

Albedo 

' 736 

665 832 

72 6 

71 1 75 0 

31 50 





W ASHINUTON Jm WEI 



Ri dut ing sugar 

Invert sugar 

Total sugar 

boluble s lids 

I ort ion of rind 

Aver 

age 

Range 

Aver 

age 

Range 

Aver 

age 

i 

Range 

Aver 

age 

Ranee 

F lavedo 

Ubedo 

Percent 
32 85 
28 09 

Percent 

25 40-37 34 
22 39 32 3 r 

Percent 
7 17 

4 76 

Percent 

5 52 7 87 

4 00-5 38 

Percent 
40 02 
32 85 

Percent 

32 37-44 79 
26 83 37 4 3 

Percent 
65 51 
51 76 

Percent 

58 96 69 71 
47 03 56 21 


Insoluble solids 


Hydrolyzable poly 
saccharides 


W ater 


Flavedo albedo 
ratio 


Portion of rind 


Flavedo 

Albedo 


Aver 

age 


Percent 
34 49 
48 24 


Range 


Percent 
30 29-41 04 
43 79 52 97 


Aver 

age 

Range 

Aver 

age 

Range 

Aver 

age 

Range 

Percent 
10 73 
16 46 

Percent 

8 83 13 36 
15 02 17 77 

Percent 

73 3 

74 3 

Percent 

72 0-75 5 
72 2 76 3 

Percent 
1 04 

Pe r cent 

0 84 1 24 


Portion of rind 

Hespendin 

ITydrogen ion 
concentration 

Average 

Range 

Average 

Range 

Flavedo 

Albedo 

Percent 

2 42 

3 47 

Percent 

2 02-3 08 

1 32-5 57 

pH 

6 10 

5 25 

pH 

5 69-6 38 
5 07-5 40 


1 All values except water and hydrogen Ion concentration are expressed on the basis of dry weight 
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The seasonal trends of sugars in the flavedo and albedo of Valencia 
rinds are shown in figure 4. The graphs for reducing sugar and invert 
sugar show the characteristic behavior of these substances. The hot- 
weather period of August and early September diminished the reduc¬ 
ing sugar and increased the invert sugar decidedly. The color of the 
fruit remained good until after the September 10 collection, when it 
began to regreen rapidly. The flavedo and albedo did not differ 
much in their reducing-sugar content, but the former was consider¬ 
ably higher in invert sugar throughout the season. 

Comparison op Pomona and Corona Fruit 

One of the interesting facts shown by the data was the very con¬ 
siderable difference in the chemical composition of the rind of Valencia 
oranges in the two localities, Pomona and Corona. Colby (2) pub¬ 
lished the results of a comparative study of sugars and acid in the 
juice of Washington Navel oranges from different sections of Califor¬ 
nia, but the writers have seen no comparative observations on the rind. 

A summary of the writers' results is presented in table 4. Each 
value given in the table is the average of 80 or more determinations 

In Valencias the rind of the Pomona fruit had a higher content of 
water, reducing sugar, soluble solids, soluble nitrogen, and total 
nitrogen On the other hand, the rind of the Corona Valencias was 
higher in invert sugar, insoluble solids, hydrolyzable polysaccharides, 
and the flavedo-albedo ratio. Total sugar and insoluble nitrogen 
show very little significant difference. 

The rind of Pomona Washington Navel oranges was higher in water, 
hesperidin, hydrolyzable polysaccharides, and insoluble solids, but 
lower in reducing sugar, invert sugar, total sugar, soluble solids, 
hydrogen-ion concentration, and flavedo-albedo ratio. The fruit 
at Corona, as already stated, was somewhat more advanced in ma¬ 
turity on all collection dates, and therefore the fruit from the two 
localities was not strictly comparable. 


Table 4. —A comparison of the chemical composition of thi rind of oranges giown 
m two loialitus during the season of 1984-33* 

VALENCIA 


Locality 

Re¬ 

duc¬ 

ing 

sugar 

In¬ 

vert 

sugar 

Total 

sugar 

Solu¬ 

ble 

solids 

In¬ 

solu¬ 

ble 

solids 

Hy- 

dro- 

lyra- 

nle 

poly- 

sac- 

cha- 

ndes 

Solu¬ 

ble 

nitro¬ 

gen 

In 

solu 

ble 

nitro¬ 

gen 

Total 

nitro¬ 

gen 

Fla- 
vedo- 
Water albe¬ 
do 
ratio 


Pet 

Pet . 

Pet 

Pet 

Pet 

Pet 

Per 

Pet 

Pet 

Pet Pet 

Pomona, Calif 

21 12 

8 88 

30 60 

5*18 

34 98 

11 24 

0 479 

0 451 

0 930 

74 9 1 55 

Corona, Calif 

1 17 89 

11 67 

29 5G 

50 00 

40 07 

13 78 

360 

480 

840 

70 6 1 66 


WASHINGTON NAVEL 


Locality 

Re¬ 

duc¬ 

ing 

sugar 

In¬ 

vert 

sugar 

Total 

sugar 

Solu¬ 

ble 

solids 

In¬ 

solu¬ 

ble 

solids 

Hy- 

dro- 

lV7a- 

ble 

polv- 

sac- 

cha- 

ndes 

Water 

Fla- 

vedo 

albe¬ 

do 

ratio 

Hes¬ 

peri¬ 

din 

«y- 

dro- 

gen- 

ion 

con- 

cen- 

tra- 

tion 


Pet. 

Pet 

Pet 

Pet 

Pci 

Pet 

Pet 

Pet 

Pet 

Pet 

Pomona, Calif . 

28 83 

5 58 

34 41 

57 20 

42 80 

14 23 

74 5 

1 00 

3 66 

I 5 80 

Corona, Calif. 

32 15 

6 35 

38 50 

60 06 

39 94 

12 96 

73 0 

1 09 

2 23 

1 5 51 


1 All values except water and hydrogen-ion concentration are calculated on the basis of dry weight. 
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Another factor that should be taken into consideration in this 
comparison is the rise in temperature that occurred at Corona during 
the interval between the pickings of Washington Navels at the two 
locations in December and January. The data were examined to 
find whether this difference in temperature for the few days preced¬ 
ing picking might have helped to widen the difference in composition 
of the rinds of fruit from the two localities. Graphs were constructed 
to show the seasonal divergence, with regard to certain substances, 
between the stem end and the blossom end (fig. 3) and between Po¬ 
mona and Corona Washington Navel rinds taken as a whole (fig 5). 
It was noted at once that the extent of divergence between the stem 

end and the blossom end, 
with regard to several 
substances, remained 
rather uniform through¬ 
out the season, but that 
the divergence between 
the Pomona and Corona 
rinds was considerably 
greater easier in the 
season when the mean- 
t emperature difference 
betw een Pomona and 
Corona was the great¬ 
est If this explana¬ 
tion has any \alue, it 
indicates that the tem¬ 
perature changes at Corona on the dates stated may lia\e affected 
the composition of the rinds to an extent measurable by the methods 
employed m this study, 

CHANGES UNDER STORAGE CONDITIONS 
Valencia Oranlls 

During the No\ ember 12 collection extra quantities of fruit were 
picked and placed in cold storage in order to observe the changes 
that might take place in the rinds. 

The temperatures used were 33° and 53° F. A controlled high 
relathe humidity was maintained in the f)3° room but no control of 
relative humidity in the 33° room. In the latter the relathe humidity 
was always lower than in the former; in fact, enough lower to more 
than offset the lower vapor tension at 33°, with the result that the 
rinds of this lot lost noticeably more water. The period of storage 
was 7 weeks (Nov. 12 to Dec. 31). When the final examination was 
made the fruit seemed in fair condition, except for the characteristi¬ 
cally “old” appearance and considerable shrinkage in the lot held at 
33°. The difference in rate of water loss in the two storage rooms 
renders the interpretation of the chemical data difficult. It is clear 
that all such experimental storage rooms ought to be maintained at 
equivalent relative humidities so that the loss of water from the fruit 
would be approximately the same in every room. 

The stem-end rinds lost water faster than the blossom-end rinds. 
Apparently there can be a significant difference in the behavior of 
the two ends in this regard, depending upon whether or not the fruit 
is attached to the tree. The flavedo-albedo ratio varied in storage; 



1 Hii he 5 Seusomil differences between Washington \uw Ioi mges 
from Corona and Pomona with rosjwtt to ceitain constituents 
of the rind 
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the flavedo nearly always lost water more rapidly than the albedo. 
It is not known whether this was due to the greater exposure of the 
flavedo or to its smaller water-holding capacity. Some tests were 
made of the rate of drying when flavedo and albedo tissues were ex¬ 
posed in the laboratory. The flavedo lost about 26 percent of its 
original weight in 4 % hours, whereas the albedo lost 16 percent. 
Weighings at the end of 24 hours showed that the albedo tissue had 
continued to lose water at nearly a constant rate, making a total of 
62 percent, but the rate of drying of the flavedo had so decreased after 
the first period that the total loss was only 44 percent. It would be 
interesting to test the successive changes in flavedo-albedo ratios of 
oranges during storage at low humidity. Soluble solids decreased 
in all portions of the rinds at both temperatures, and the decrease 
was more than twice as much at 53° as at 33° F. When the stem 
end and the blossom end were compared it was found that the stem- 
end rind had lost twice as much of its soluble solids as the blossom end. 

A diminution of total sugars accounts for a large part of the change 
in soluble solids. Reducing sugar decreased slightly, but invert 
sugar decreased greatly. The latter almost disappeared when the 
fruit was held at 53° F. There was an apparent small increase of 
hydrolyzable polysaccharides in all portions of the rind in both 
storage rooms. However, it is doubtful whether this is a real increase, 
for it is decidedly contrary to the results obtained for polysaccharides 
during extensive companion studies of the rinds of grapefruit in 
storage. The changes in soluble and insoluble nitrogen in storage 
were so slight that no correlations were noted. 

The results obtained in the determination of the hydrogen-ion 
concentration in the rind and in the pulp juice of the two storage lots 
from Pomona are presented in table f>. From these data it is evident 
that the rind of the fruit from the 33° F. room was more acid than 
that from the 53° room. This is true of all corresponding portions 
of the rind, the average difference being 0.26 pH. The stem-end 
portions of the rind were more acid than those from the blossom end, 
and the equatorial portions held an intermediate position. The 
flavedo was less acid than the albedo. The pulps showed a difference 
of only 0.04 pH, but in this case that held at 53° was more acid. 

Table 5. — Hydrogen-ion concentration determinations of different portions of 
Valencia oranges after being held in storage for 7 weeks at two different temper¬ 
atures 1 


Storage temperature (°F.) 

Stem-end 

rind 

Blossom- 
end rind 

Equato¬ 
rial rind 

Flavedo 

Albedo 

Avorage 
of rind 
port ions 

Pulp juice 

>3 ... 

pH 

6 97 

5 79 

pIM 

6. 33 

6. 01 

ft 

pH 

6 60 

6 32 

pll 

5.77 

5 51 

pH 

6 18 

5 92 

pll 

3 78 
3 82 

13. 

Difference... 

.18 

.32 

i .27 | 

.28 

.26 

26 

04 


1 Each pH value is the average of 16 determinations. The writers are fully aware that the averaging of 
pH values, here and elsewhere in this paper, is mathematically unsound, but they believe that through the 
ranges shown, the averages of pH values as numerical entities are probably as sound biologically as the aver¬ 
ages of the actual hydrogen-ion concentrations or the equivalent pH values, and are considerably more 
convenient. 


Washington Navel Oranges 

The first storage experiment of this study was started at a time 
corresponding to the third field collection. The fruit came from the 
same trees at Pomona and Corona that'werc used for the regular field 






738 


Journal of Agricultural Research 


Vol 52, no. 10 


collections. The fruit from each of the two localities was divided 
into two lots and placed in storage on January 7 and 11, respectively. 
The length of the storage period was 30 days. One lot from each 
locality was held at 52° F. with an average relative humidity of 89 
percent, and the other lot was held at 32° with an average relative 
humidity of 76 percent. At the end of this period the fruit was free 
from rind blemishes at both temperatures. Chemical analyses of 
the rinds ol these and the following lots were carried through exactly 
as described for the regular field collections. 

The time of collection for the second storage experiment corre¬ 
sponded with that of the fifth field collection, March 1 to 4. Lots 
from each locality were stored for 46 days at 52°, 42°, and 32° F. 
with average relative humidities of 89 percent (range 85-93 percent), 
85 percent (range 83-86 percent), and 85 percent (range 83-87 per¬ 
cent), respectively. At the end of this time none of the fruit showed 
any rind blemishes except the lot from Corona held at 32°. In this 
lot 72 percent of the fruit showed a brown stain somewhat resembling 
common apple scald. 

The third storage experiment was carried out with Corona fruit 
only, and the time of picking corresponded w r ith that^f the sixth 
field collection, April 13. The temperatures and relative humidities 
used were the same as for the second storage experiment. The 
length of the storage period was 33 days, after which the rinds were 
found to be free from storage 4 blemishes except in the lot held at 32° F. 
All of this fruit showed various amounts of brown stain. 

The fourtli storage experiment was made witli Pomona fruit only, 
and the time of picking corresponded with that of the seventh 9 field 
collection, May 25. The temperatures and relative humidities were 
again the same as those used in the second storage experiment. The 
length of storage w as 41 days. At the end of this period there were 
no storage blemishes on the rinds except in fruit of the lot held at 
32° F., all of which show r ed brown stain. The fruit had been picked 
after the regular commercial season, and none of it was very firm 
when placed in storage; at the time of removal from storage it was 
somewhat soft and not fresh looking. This last statement applies 
nearly as w ell to the Corona fruit used in the third storage experiment. 
This fruit had been picked nearly 6 weeks before the Pomona fruit 
of the fourth storage experiment, yet the fruit of both locations seemed 
to be at about the same stage of maturity when placed in storage. 

EFFECTS OF TEMPERATURE 
Ox Rind as a Whole 

External observations of the oranges used in the simple storage 
experiments described above pointed to two tentative conclusions, 
namely, (1) the fruit was most susceptible to brown stain at 32° F., 
and (2) it w'as also more susceptible during the latter part of the season. 

The effects of storage temperatures on the chemical composition 
of Washington Navel orange rinds are shown in table 6. The values in 
this table are from the data from the second, third, and fourth storage 
experiments. Data obtained from the first storage experiment are 
not included because there was no storage at 42° F. 

8 Since, as already stated, the 7th field collection was made only &t Pomona, to serve as a control for the 
storage experiment, the analytical data from it were not included in the presentation of changes in the 
field but were used for the average percentages at beginning of storage given in table 5. 
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It is evident from table 6 that certain substances in the rind gave 
definite responses to the temperatures used. Invert sugar showed 
only a small decrease at 32° F. but a very large one at 52°. Reducing 
sugar showed a smaller decrease, which was progressively reduced as 
the temperature of storage was lowered. The striking alteration in 
invert sugar had little effect on the general trend of total sugar because 
invert sugar comprised scarcely more than one-tenth the amount of 
reducing sugar. Total sugar, therefore, behaved much like reducing 
sugar. 

Table 6 .- —Effects of temperature on the composition of the rind of the Washington 

Navel orange in storage 1 


Storage conditions 

Reducing sugar 

Invert sugar 

Total sugar 

Soluble solids 

Con¬ 

tent 

Loss 

Con¬ 

tent 

Loss 

Con¬ 

tent 

Loss 2 

Con¬ 

tent 

Loss 


Before storage.- — 

After 46 days at— 

Percent 

34.67 

Percent 

Percent 

5 94 

Percent 

Percent 

40.61 

i 

Percent 

Percent 
63 0 

Percent 





52° F.. .. . .. _ 

33 43 

3 58 

3.14 ■ 

47.1 

36. 67 

9.9 

60.4 

4.2 

42° F_ _ - _ 

34. 01 

1 91 

3.66 

38.4 

37. 67 

7.2 

60.7 

3.7 

32° F_ . . . 

31.25 

1.21 

5.46 

8.1 

39. 71 

2.2 

62.8 

.3 


Insoluble 

Hydrolyzable 

Hesperidin 

Hydrogen-ion 

Storage conditions 

solids 

polysaccharides 

concentration 

Con¬ 

tent 

Gain 

Con¬ 

tent 

Loss 
(-) or 

V «in(+) 

Con¬ 

tent 

Gain 

pH 

Differ¬ 
ence in 
pH 


Beforo storage.. 

After 46 days at— 

Percent 

37.0 

Percent 

Percent 

11.89 

Percent 

Percent 

2.12 

Percent 

5.94 






62° F... 

89.6 

7.1 

12 57 

45. 72 

3.14 

48.1 

5 47 

0 47 

42° F_ _ 

39. 3 

6 2 

12 41 

+2 29 

3 04 

43.4 

5. 52 

.42 

32° F_ _ 

37.2 

.54 

11.79 

-.93 

2 65 

25.0 

5.83 

.11 


1 All percentages are calculated on the basis of dry weight. 

2 The percentage of loss or gain is calculated on the basis of the percentage present at the beginning of the 
storage period. 


The recorded increase of hesperidin in storage is very interesting. 
At 52° F. hesperidin increased to one and one-half times the quantity 
present at the beginning of storage, and even at 32° it increased to 
one and a quarter times that originally present. That this is an 
actual increase in the quantity of hesperidin seems certain, for if the 
loss of sugar and other solids is taken into account, there is still a 
clear margin showing increase of this substance at all temperatures 
used. This synthesis of hesperidin in storage seems to be correlated 
with the rate of respiration, and its accumulation with the lack of 
translocation. Hesperidin was found to decrease steadily through 
the season while the fruit was on the tree. This fact suggests a 
number of possibilities, of which one is that while translocation of 
this rather stable glucoside (or group of glucosides) can continue 
while the fruit is on the tree, there may be a diminution of the rate of 
respiration as the orange matures. Thus one might account for the 
seasonal decrease. It can scarcely be assumed that the synthesis of 
hesperidin ceases completely at any time in the field. 

71648—30-2 
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Soluble solids showed the greatest loss at 52° F. and the least at 
32°. The insoluble solids consequently had an apparently opposite 
trend. 

Hydrolyzable polysaccharides apparently increased in storage at 
52° and 42° F., but if the loss of other substances is taken into account 
it is found that they remained practically stationary, or possibly 
decreased slightly at all temperatures. 

When the rinds were considered as a whole it was found that the 
flavedo-albedo ratio remained practically unchanged in storage. 
ITowever, if stem and blossom ends were compared separately it 
was found that in the stem end the ratio made an average increase 
of 0.04 at 32° F., a decrease of 0.03 at 42°, and a decrease of 0.04 
at 52°. In the blossom end the changes were almost exactly reversed, 
the changes in value of the ratios being a decrease of 0.04 at 32°, a 
decrease of 0.03 at 42°, and an increase of 0.06 at 52°. 

Under all conditions of storage there was an increase of active 
acidity in all portions of the Washington Navel orange rind (table 7). 
The greatest increase was at 52° F. and the least at 32°. This effect 
of temperature is quite the reverse of that recorded for the Valencia 
orange rind, which will be referred to again in the comparison of the 
two orange varieties. 

Ox Portions of Kind 

In all the preceding discussion of the effects of different temper¬ 
atures on the rind of Washington Navel oranges in storage, the rind 
has been considered as a whole, except for a brief mention of the 
flavedo-albedo ratios in the rind of the stem and blossom ends. 

A detailed account of the relative behavior of the stem and blossom 
ends, of the flavedo and albedo, or of fruit from the two localities, 
would seem undesirable in a summarized report of this kind. Never¬ 
theless, it may be stated that the different portions of the rind did often 
respond to storage conditions somewhat differently, although these 
responses differed in quantity only. 


Tahlk 7. — Hjidrofl(n-ion concentration of diffirent portions of the rind of Wash¬ 
ington Nurd oranges In Id in storage S+fj days ot different tern pcraturcs 


Storage teinpjiatiire (° F ) 

Stem 

end 

Blossom 

end 

Flavedo 

Albedo 

Aver¬ 
age 1 

Before storage (control) _ 

pH 

6 15 

Pit 

5 74 

pJI 

0 39 

pll 

5 49 

PIT 

5.94 

52°.. 

42°. .. 

32°.. 

5 01# 
5. 75 
6.03 

5 25 

5 20 

5 63 

5 74 

5 79 

C 24 

5.20 
5. 24 
5. 42 

5.47 
5. 52 
5.83 

Average*. 

5. 82 

5 30 

5.92 

5.29 

5 61 


1 See footnote 3 to table 1. 


The stem end showed greater changes than the blossom end in all 
the substances under observation except active acidity. The imme¬ 
diate explanation of this was found to involve the relative distribution 
of the albedo tissue, which is more responsive to everything except 
acidity. The albedo is more abundant in the stem end (the flavedo- 
albedo ratio was less than unity here), and the reverse is true of the 
blossom end. Why the flavedo tissue oh the Washington Navel 
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orange in storage should show greater change in active acidity than 
the albedo is not clear, but the condition appears to be quite different 
from that found in studies on the rind of grapefruit, which will be 
reported separately, where the albedo showed greater responses in 
acidity. This greater activity in aridity responses of the navedo of 
the Washington Navel orange rind might possibly have some relation 
to the surface brown stains noted in storage, in contrast to the deeper 
seated pittings noted in the grapefruit rind where the albedo shows 
the greater acidity response. 

COMPARISON OF RINDS OF WASHINGTON NAVEL AND VALENCIA ORANGES 

When any attempt is made to compare the rinds of the Washington 
Navel and Valencia oranges in southern California, it must be kept in 
mind that almost none of the chemical differences between them can 
be attributed definitely to the fact that the oranges are of different 
varieties. It lias already been mentioned that the two varieties 
are harvested at different seasons of the year. In southern California 
the Washington Navel orange season begins in the late fall and ends 
in the spring, whereas the Valencia orange season begins in the spring 
and extends through the summer. The average weather conditions 
affecting the two varieties at harvest time differ as widely as is possible 
for two intervals of such length in the district; for example, the mean 
temperature for the entire period during which the Washington Navel 
orange material was collected was 52.1° F., whereas the corresponding 
mean for the period of Valencia collections was 67.3°. During the 
season of the Washington Navel orange there were many minima 
of 32° or below, and in the Valencia season there were several maxima 
of 100° or above. The opinion has been advanced that the temper¬ 
ature and other environmental conditions immediately preceding the 
picking of the fruit are capable of producing considerable and rapid 
chemical changes within the rind tissue. If this be true it seems 
probable that recorded differences between Washington Navel and 
Valencia orange rinds will have been influenced by the seasonal 
differences in the w r eather affecting each variety immediately preced¬ 
ing and during picking. In other words, if the environmental 
conditions present at the harvest time of the two varieties were 
reversed, then the chemical situation in the rinds might also be 
reversed, or at least considerably altered. It is to be expected that 
such wide differences in temperature and other climatic factors at 
the time of harvest might induce a difference in the rinds of the two 
varieties that would be reflected in their behavior in storage and 
transit. With the foregoing caution against accepting differences be¬ 
tween rinds of the Washington Navel and Valencia oranges as alto¬ 
gether varietal, the following comparisons are presented. 

In the Field 

A general summarized comparison, presented in table 8, shows the 
average of all chemical determinations for both varieties as they came 
from the grove. Each value for the Washington Navel rind in the 
table is the average of 96 determinations, and each value for the 
Valencia rind is the average of 160 determinations. 
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Table 8 .- —A comparison of the chemical composition of the rind of Washington 
Navel and Valencia oranges before storage 1 


Vanet \ 

Water 

Re¬ 

ducing 

sugar 

Invert 

sugar 

Total 

sugar 

Soluble 

solids 

Hydro¬ 

lyzable 

poly¬ 

saccha¬ 

rides 

Re- 

ducing- 
mveit 
sugar 
rat io 

Fla¬ 

vedo- 

albedo 

ratio 

Washington Navel 1 

V ftlenc m 1 - 

Ptrcenl 
73 8 
72 0 

Percent 
80 40 
19 38 

5sf, 3 

Percent 
30 40 
29 75 

Percent 
58 68 
53 91 

Percent 
13 60 
12 58 

Percent 
6 11 

1 87 

Percent 

1 04 
1 64 


All \ alues e\(ept those in the first and the last 2 columns are calculated on the basis of dry weight. 
' A\ wage of % determinations 
J Average of If*0 determinations 


The Washington Navel rind showed a slightly higherw ater content 
than the Valencia rind. This might easily be the effect of the higher 
temperatures and greater evaporating power of the air during the 
Valencia season. As to seasonal trend, the Washington Navel rind 
showed a small decrease and the Valencia rind a small increase as the 
season ad van cod. ^ 

Reducing sugar was more than one and one-half times as abundant 
in the Washington Navel rind. On the other hand, invert sugar was 
nearly twice as high in the Valencia rind. Total sugar, however, in 
the Washington Navel rind was nearly one-fourth more than that in 
(he Valencia rind. The difference in value of the red ucing-in vert 
sugar ratio was surprising. In the Washington Navel rind this ratio 
was 2.7 times as great as in the Valencia rind. 

During the season total sugars remained practically constant in the 
Valencia rind but increased steadily in the Washington Navel rind. 
The graph (iig. 2) showing seasonal variations in reducing sugar for 
the Valencia rind paralleled the temperature graph; in the Washington 
Navel rind reducing sugar increased steadily. The seasonal invert- 
sugar graph for Valencias was in general the inverse of the reducing 
sugar graph, but in the Washington Navel rind this was not true. 

Soluble solids and hydrolyzable polysaccharides were more abun¬ 
dant in the Washington Navel rind. Soluble solids increased steadily 
throughout the season in this variety butincreased or diminished almost 
inversely with the temperature in "the Valencia rind. 

Hydrogen-ion concentration was higher in the stem-end than in the 
blossom-end rind of Valencias, but in the Washington Navel rind the 
hydrogen-ion concentration was lower in the stem end. The hydro- 
gen-ion concentration of the rinds as a whole was higher in the Wash¬ 
ington Navel orange. 

The average flavedo-albedo ratios of Washington Navel and 
Valencia orange rinds were 1.04 and 1.64, respectively. The smaller 
ratio for the Washington Navel was due immediately to its consider¬ 
ably heavier albedo. The flavedo also was somewhat heavier than 
that of the Valencia orange, but this difference was more than offset 
by the relatively heavier albedo. 

It was noted that at Pomona the Valencia rind had more reducing 
sugar and soluble solids and less hydrolyzable polysaccharides than at 
Corona. In the Washington Navel rind conditions were exactly the 
reverse. 
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In Storage 

For a comparison of the relative behavior of the Washington Navel 
and Valencia orange rinds in storage, the data from only two temper¬ 
atures, 52° and 32° F., are available, since no Valencia oranges were 
stored at 42°. 

Table 9 gives some average changes in the composition of the rinds 
of the two varieties in storage. In general, the Valencia rind made 
greater responses to storage conditions than did the Washington 
Navel orange rinds. It seems possible that the condition of the 
Valencias in the field, influenced as they were by hot, dry weather, 
might have brought about the greater changes that occurred in this 
variety in storage. For most collections, the temperature of the 
Washington Navel oranges was actually raised when taken from the 
field to storage at 52° F Changes at this temperature were greater 
in both varieties, except in the hydrogen-ion concentration. In the 
Valencia rind the apparent increase of reducing sugar at 52° w T as 
probably due to the \ery abundant invert sugar, which for a time was 
hydrolyzed at a rate exceeding that at which it was consumed by 
respiration. 

Table 9. —Comparison of the composition of Washington Navel and Valencia orange 
rinds b(for< and after storage at different tempi iatui (s 1 


Variety 


Washington Navel 
Before storage. 

After 42 days at 

52° F. 

32° F. 

Valencia 

Before storage 
After 48 days at 
53° F .. 

33° F. 

i All values are calculated on the basis of dry weight 

As mentioned in the presentation of the storage data for the Wash¬ 
ington Navel orange rind, the changes in liydrogen-ion concentration 
in storage were strikingly different in the two varieties. The Valencia 
rind developed a greater acidity at 33° than at 53° F , the pH averages 
of which were 5.92 and 6 18, respectively, but the Washington Navel 
rind consistently showed the reverse effect, the average pH values 
being 5.83 and 5 47 at 32° and 5£°, respectively. 

DISCUSSION 

While it is freely admitted that the results reported cannot at 
present be definitely linked with pitting and spotting in storage, there 
are some general aspects of the findings that are worthy of notice. 

Since orange rinds were found to respond sometimes very strikingly 
to changes in the environment, it is suggested that these responses 
probably relate closely to the behavior of the rinds after picking. 
Even a moderate understanding of this relationship might modify 
picking practices considerably, especially for fruit destined for 


storage conditions 

Reduc¬ 

ing 

sugar 

Irnert 

sugar 

Total 

sugur 

Hydro¬ 
lyzable 
jjolv sac¬ 
charides 

Soluble 

solids 


Percent 
34 67 

Percent 

5 94 

Pircent 
40 61 

Pineal 
11 89 

Pircent 
61 05 


U 41 
34 25 

1 14 

5 40 

30 57 
39 71 

12 57 
11 79 

60 44 
62 78 


21 69 

7 47 

29 10 

10 12 

61 20 


22 13 
19 75 

2 54 

6 38 

24 87 
26 11 

H 77 
12 20 

54 85 
52 03 
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export or storage. At present the more vigilant packing-house 
managers do not wish Valencias picked during periods of unusually 
hot weather and insist that they shall not be picked except during a 
few' hours in the early morning. So meteorology may come to play 
as important a role in the picking schedule as it now does in spraying 
and frost control. 

It has been generally assumed that the susceptibility to spotting of 
fruit coming from the grove depends somewhat, at least, upon the 
district in which the fruit is grown, the season, stage of maturity, and 
general cultural treatment received in the grove. However, some of 
the responses of rinds observed in this work seem to indicate that a 
given orange on different days may present a significantly different 
aspect as regards its possible resistance to subsequent conditions in 
storage and transportation that favor pitting and spotting; that is to 
say, the susceptibility of an orange to spotting in storage is probably 
not merely “high” in very early and very late stages of maturity, but 
it may vary from week to week, being sometimes high and sometimes 
low, depending upon the environmental factors of the few days 
preceding the picking of the fruit. ^ 

A study of the relation of storage and transit conditions to pitting 
and spotting is still in progress. 

SUMMARY AND CONCLUSIONS 

Results are presented of a study of changes taking place in the rind 
of oranges in the field and in storage during the season of 1932-33 at 
Pomona and Corona, Calif. 

Seasonal changes in the composition of the rind as a w r hole were as 
follows: 

(1) In Valencia oranges there was a slight seasonal upward trend 
in water content, but in Washington Navels the reverse was true, while 
in both varieties there were fluctuations due to immediate environ¬ 
mental causes. 

(2) In Valencias the flavedo-albedo ratio was always greater than 
unity, increasing temporarily in hot weather; in Washington Navels 
the ratio varied on either side of unity and likewise fluctuated with 
weather conditions. 

(3) In Valencias the soluble solids varied inversely with the mean 
temperature, but in Washington Navels there was a general relative 
increase throughout the season. 

(4) In Valencias there was practically no change in total sugar dur¬ 
ing the season but invert sugar increased as reducing sugar decreased. 
In Washington Navels, on the other hand, total sugar increased 
throughout the season, primarily because of the steady increase of 
reducing sugar; invert sugar fluctuated with immediate environmental 
factors. 

(5) In Valencias the hydrolyzable polysaccharides varied with the 
mean temperature, but in Washington Navels they decreased as the 
season advanced. 

(6) Nitrogen content was studied only in Valencia oranges. Only 
a slight change was observed during the season, with some fluctuations 
in the proportion of the soluble and insoluble fractions. 

(7) Hesperidin and hydrogen-ion concentration were determined 
only in the rinds of Washington Navel oranges. Hesperidin decreased 
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steadily during the season to about one-half the amount present early 
in the season. Hydrogen-ion concentration made a small but definite 
decrease during the season. 

A comparison of the stem and blossom ends showed a definite dif¬ 
ference in composition during the season. In Valencias the stem end 
was higher in water, reducing sugar, soluble nitrogen, and soluble 
solids, while the blossom end had a greater amount of total sugar per 
100 ml of solute than the stem end because of the higher water con¬ 
tent of the stem end. These differences varied through the season, 
being greatest during the hottest weather. In Washington Navels the 
stem end was likewise higher in water, reducing sugar, total sugar, 
and soluble solids and the blossom end was higher in invert sugar, 
hydrolyzable polysaccharides, insoluble solids, hesperidin, hydrogen- 
ion concentration, and fiavedo-albedo ratio. 

A comparison of the flavedo and albedo showed that in the Valencia 
the flavedo always weighed more than the albedo and that while 
there was some variation in the ratio in the Washington Navel it 
averaged more than unity. In the Valencia the flavedo contained a 
higher percentage of invert sugar, total sugar, soluble solids, and 
nitrogen. In the Washington Navel the flavedo was likewise higher 
in percentage of reducing sugar, invert sugar, and soluble solids. The 
albedo was higher in water, insoluble solids, and hydrolyzable poly¬ 
saccharides. In the Washington Navel the albedo was higher in hes¬ 
peridin and hydrogen-ion concentration. In Valencia rinds the 
fiavedo-albedo ratio was highest during the hottest weather. 

When oranges from Pomona were compared with those from Corona 
the rinds were found to differ in several respects. In Valencias the 
Pomona fruit was higher in water, reducing sugar, soluble solids, and 
total nitrogen, while in the Washington Navel it was higher in water, 
hesperidin, hydrolyzable polysaccharides, and insoluble solids. The 
Corona Valencias were higher in invert sugar, insoluble solids, hydro¬ 
lyzable polysaccharides, and fiavedo-albedo ratio, while the Corona 
Washington Navels were higher in both reducing and invert sugars, 
soluble solids, hydrogen-ion concentration, and fiavedo-albedo ratio. 

Storage experiments were conducted to determine the response at 
different temperatures. With Valencias storage experiments at 33° 
and T>3° F. for 7 weeks gave the following results: (1) The stem-end 
rind lost water more rapidly than did the blossom-end rind; (2) soluble 
solids always decreased more rapidly at 53° than at 33°; (3) the stem- 
end rind lost soluble solids twice as rapidly as did the blossom-end 
rind; (4) reducing sugar changed very little and invert sugar almost 
disappeared at 53°; (5) rind from fruit stored*, at 33° had a higher 
hydrogen-ion concentration than that stored at 53°; and (6) the 
stem-end rind of stored fruit had a higher hydrogen-ion concentration 
than did the blossom-end rind. There was practically no difference 
in the active acidity of the pulp juice of the two lots. 

In the storage experiments on Washington Navel oranges the tem¬ 
peratures employed were 52°, 42°, and 32° F. The responses to 
storage conditions were as follows: (1) The stem-end rind always 
showed greater responses to storage conditions than the blossom-end 
rind except in acidity; (2) in all portions of the rind and under all 
storage conditions acidity increased, the increase being greatest at 
52° and least at 32°; (3) invert sugar decreased slightly at 32° but 



746 


Journal oj Agricultural Research 


Vol. 52, no. 10 


greatly at 42° and 52°; (4) reducing sugar changed much loss than 
invert sugar but in the same direction; (5) hesperidin showed very 
definite increases in storage, the increase being relatively greatest at 
52°; (6) soluble solids decreased most at 52°; (7) hydrolyzable poly¬ 
saccharides changed very slightly at any temperature; (8) the flavedo- 
albedo ratio remained unchanged in the rind as a whole, but there was 
a small increase of the ratio in the stem end that was exactly offset by 
a decrease in the blossom end. 

In considering the results on Washington Navel and Valencia oranges 
it must be remembered that in southern California the Washington 
Navel oranges are harvested in winter and the Valencias in summer, 
which makes it difficult, in a comparison of the two varieties as grown 
there, to distinguish between the differences which are varietal and 
those which are caused by environment. 

The results of storage experiments with Washington Navel oranges 
indicate that late-picked fruit is most susceptible to brown stain and 
that susceptibility is increased by storage at 32° as compared with 42° 
and 52° F. With respect to pitting and spotting the results are not 
so clear-cut but seem to show that susceptibility to tfc^se disorders 
varies with the environmental factors of the last few days preceding 
the picking of the fruit. 
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FIELD AND STORAGE STUDIES ON CHANGES IN THE 
COMPOSITION OF THE RIND OF THE MARSH GRAPE¬ 
FRUIT IN CALIFORNIA 1 

By E. M Harvey, physiologist , and G. L. Rygg, junior pomologist , Division of 
Fruit and Vegetable Crops and Diseases , Bureau of Plant Industry , United States 
Department of Agriculture 

INTRODUCTION 

This paper presents the results of two closely related studies. 
The first section deals with the rind of the Marsh grapefruit ( Citrus 
grandis (L.) Osbeck) in the field during the harvest season, and the 
second section deals with the rind of comparable fruit held in storage 
at different temperatures or under other experimental conditions. 

As in the major portion of the studies on Valencia and Washington 
Navel orange rinds previously reported (18),* the object of the first 
study was to determine, as closely as the methods employed would 
permit, the normal seasonal changes of grapefruit rind in the field. 
The experiments w r cre so designed that the information obtained 
might be used as the basis for a rather extensive investigation of the 
behavior of grapefruit rind in storage. The results of this latter 
study are reported in the second part of this paper. 

REVIEW OF LITERATURE 

The literature of previous work on the grapefruit rind is similar 
to that noted in connection with the orange (13) rind in that the 
attention of investigators has been directed mainly to the essential 
oils from a pharmaceutical or related standpoint, and when other 
substances have been taken into account the normal seasonal trends 
have not usually been considered. 

One of the most extensive series of observations on seasonal changes 
in grapefruit is that reported by Lopez-Doininguez (17, IS) dealing 
with Duncan and Marsh varieties. He noted changes in composition 
of the fruit as affected by maturity, soil type, and rainfall. The more 
significant portion of his report concerns the changes in the pulp and 
juice, but information is also given on seasonal variations in thickness 
of the rind. Tn both varieties the rind decreased in thickness with 
maturity; in the Marsh the rate of decrease was checked when the 
solids-acid ratio reached 7. Hawkins (14) in his study of grapefruit 
ripening noted that the percentage of rind decreased throughout the 
season and that this was paralleled by a decrease in thickness. The 
changes taking place in the pec tic constituents of the albedo of 
Florida grapefruit rind have b%en studied by Gaddum (8). Cald¬ 
well (2) has followed the changes in hydrogen-ion concentration and 
chemical composition in entire Florida grapefruit, beginning with 
extremely immature stages and including samples taken at weekly 
intervals until the beginning of the commercial harvest period. 

1 Received for publication Aug 30,1935, Issued June 1930 
* Reference Is made by number (italic) to Literature Cited, p 786 
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As regards seasonal development of the fruit his study ends about 
where the present one begins, and does not deal at all with the rind 
alone. 

Other reports dealing with the analysis of the grapefruit rind do 
not refer to successive changes but present observations either on 
the distribution of certain substances (other than essential oils) in the 
rind or on the differences in composition between different portions of 
the rind. For example, Willimott and Wokes (22, 28) found that in 
grapefruit peroxidases are concentrated in the flavedo, although these 
substances are fairly widely distributed in the rinds of orange and 
lemon. These authors also studied the distribution of vitamins in 
grapefruit rind. Klotz and Haas (16) observed that the stem end of 
grapefruit had a greater permeability than the blossom end. 

FIELD STUDIES 

MATERIALS AND METHODS 

Tw'o field studies were made. One was carried out in the district 
that includes Fontana and Corona, Calif.; and the othi* was carried 
out in a single locality near Oasis, Calif., in the Coachella Valley. 

The field portion of the first study extended through 171 days, 
beginning March 19 and ending September 6, 1933. This spring and 
summer .period coextends in general with the regular harvest of 
grapefruit in the western part of southern California. 

The second study began November G, 1933, and ended April 9, 1934, 
a period of 154 days. This winter and spring period also coextends in 
general with the commercial harvest of grapefruit in the Imperial and 
Coachella Valleys. 

These observations allow a comparison of rinds of the same variety 
of grapefruit grown in two districts so distinctly different in climate 
that in one the harvest time is in the summer and in the other in the 
winter. This difference in harvest seasons is practically the same as 
that encountered in regard to the Valencia and Washington Navel 
oranges (18) , but in the latter case the two varieties were grown in the 
same climatic district. 

The mean temperatures at Fontana or Corona and at Oasis during 
the periods of observation differed less than might have been 
expected, but the climatic environment differed greatly. In the 
Coachella Valley the harvest season follows an extremely hot and dry 
summer, while in the Fontana-Corona district it follows a relatively 
cool neriod. 

All fruit used in this study was obtained from trees carefully 
selected at the beginning of the season, five each at Fontana and 
Corona, and six at Oasis. The soil types in which the experimental 
trees were growring at Fontana, Corona, and Oasis were Hanford 
gravelly sand, Yolo gravelly loam, and Superstition sand, respectively. 

Collections were made at intervals of approximately 6 weeks. At 
Corona and Fontana 10 fruits were picked from each of the 5 selected 
trees and at Oasis 8 fruits were picked from each of the 6 trees. The 
fruit was brought into the laboratory, where the rinds were removed 
and separated into four portions as follows: (1) Stem-end flavedo, 
(2) stem-end albedo, (3) blossom-end flavedo, and (4) blossom-end 
albedo. 
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The procedure followed in the determination of hydrogen-ion con¬ 
centration was the same as that described in the report on Washington 
Navel orange rind (13), except that when this determination was made 
in the pulp jnice the tissue was not frozen before pressing and the juice 
was diluted to four times its original volume before the analysis. The 
samples of pulp juice were also titrated for total acidity. The titra¬ 
tions were made in duplicate, using 50 ml of juice for each and diluting 
with 100 ml of distilled 
water; normal sodium ~f° 
hydroxide w as used for g 
the neutralization, w r ith £ 7 
phenolphthalein ns in- £ 
dicator. 7> 

Naringin was deter- 
mined by the method £ 
used for liesperidin in * so 
the Washington Navel jjj 
orange rind (f3), except k 
that the weight of the gp 





derivative sugar was J -- "T* 7 ® 7 **-«*/«** 

multiplied by the fac- * — I * ' I 

tor 1.00 instead of 2.17 t 

in order to obtain the jjj 

weight of anhydrous ^ 20 

naringin. The proce- £ 

dures in all other anal- g 

vses were the same as * 

those described in the | 

report on orange rinds 

( 13 ) £ 

The sugars were cal- j* 

ciliated as follows. ( 1 ) | 

“Reducing sugar”, as 5 

glucose,from the copper £ 

equhalent to the per- ,5 

manganate titration be- 5 rtf* *28 June: July 

fore inversion; ( 2 ) “in- * dates of collectiohs, /sjj 

cncmr” oa in\rorf Figure 1 —Seasonal changes m mean air temperature (moans for 
vei t m v t 6-day periods preceding collections) and In the composition of the 

SUgar, from the copper rmdof Marsh grapafruit from Corona and Fontana. Calif, with 

• i 11 a j 11 respect to watar, soluble solids, and reducing, invert, and total 

equivalent to the per- sugars 
manganate titration 

after inversion minus the permanganate titration before inversion; and 
(3) “total sugar”, as the sum o£ “reducing sugar” plus “invert sugar.” 

Since the Fontana and Corona locations are so similar climatically, 
the data from them are handled together in all comparisons with the 
data from Oasis. 

EXPERIMENTAL RESULTS 


Seasonal Changes 


AT FONTANA AND CORONA 

The seasonal changes in the composition of the grapefruit rind at 
Fontana and Corona are summarized in table 1 and figures 1 and 2 . 
Each percentage value given in this table is the average of 16 deter¬ 
minations. 
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The water content of the rind did not change greatly, although 
there seemed to be a very slight upward trend through the season. 
This must mean that the water-holding power of the rind tissue 
increased also, otherwise there would have been a loss of water owing 

to the fact that the sea- 



Fioure 2 - Seasonal changes in mean air temi>eratiiro (means for 
6-day periods preceding colled ions) and in the composition of the 
rind of Marsh grapefruit from Corona and Fontana, Calif., with 
respect to naringin, hydrolyzable polysaccharides, and hydrogen- 
ion concentration. The pH of the pulp is also shown. 


son was growing warmer 
and less humid until the 
time of the fourth col¬ 
lection (July 23). 

Reducing sugar de¬ 
creased to a minimum 
at the fourth collection, 
whereas invert sugar 
increased to a maximum 
at that time (fig. 1). If 
the graphs representing 
the seasonal changes of 
these sugars are com¬ 
pared wi^ the block 
graphs showing the 
mean air temperatures 
at Fontana and Corona, 
it will be noted that the 
reducing sugar changed 
somewhat inversely to 
and the invert sugar 
parallel to the tempera¬ 
ture changes. 


Total sugar behaved 

as did invert sugar, which dominated the total, not in percentage but 
by its greater seasonal changes. 


Table 1 .—Seasonal changes in the chemical composition of the rind of Marsh 
grapefruit grown at Corona and Fontana and at Oasis. Calif., during the season of 
1933 - 34 ' 


CORONA AND FONTANA, AVERAGES OF 1G DETERMINATIONS 


Date of 
collec¬ 
tion 

Water 

Re¬ 

duc¬ 

ing 

sugar 

Invert 

sugar 

Total 

sugar 

Narin- 

gin 

Hydro¬ 

lyzable 

poly¬ 

saccha¬ 

rides 

Solu¬ 

ble 

solids 

Insol¬ 

uble 

solids 

Hydro- 
gen-ion 
con¬ 
centra¬ 
tion of 
rind 

Flavc- 

do-al- 

bedo 

ratio 

Hydro- 
gen-ion 
con¬ 
centra¬ 
tion of 
pulp 
juice 

Milli¬ 
liter 
N/l 
acid in 
10 ml 
pulp 
juice 

19SS 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 


Per- 



cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

Till 

cent 

pll 


Mar. 19 

78.9 

26.55 

8.10 

34.65 

8.07 

9.40 

65.1 

34.9 

6.31 

0.74 

3.09 

3. 74 

Apr 30 

79.4 

26.09 

9.53 

35.62 

8.07 

8.33 

67. 1 

32.9 

6. 45 

.75 

3.01 

3.6Q 

June 11 

79.7 

25. 12 

11.67 

36.79 

7.40 

6.60 

71.1 

28.9 

6.53 

.77 

2.97 

3.47 

July 23 

80.7 

23.06 

16.30 

39.36 

7.97 

6.23 

73.7 

26.3 

6.36 

.78 

3.16 

2.99 

Sept. 6 

80 6 

_23.81_ 

13.63 

37 44 

5.07 

6.40 

72.2 

27.8 

6. 24 

.71 

3.22 

2.62 




OASIS 

, AVERAGES 

5 OF 8 DETERMINATIONS 




1953 
Nov. 6 

74.1 

14.23 

7.56 

21.79 

9. 21 

14.88 

62.6 

47.4 

5. 74 

0.79 

3.28 

2.69 

Dec. 11 

74.4 

18.55 

9.24 

27.79 

7. 21 

12.92 

58.1 

41.9 

6.01 

.88 

3.20 

2.47 

1934 






I 







Jan. 15 

75.1 

27.04 

7.69 

34.73 

4.93 

10.59 

64.7 

35.3 

6.26 

.83 

3.25 

2.50 

Mar. 1 

80.1 

22.69 

9.95 

32.64 

5.76 

10.85 

63.1 

36.9 

6.71 

.82 

3.22 

2.61 

Apr. 9 

80.3 

20.38 

14.00 

34.38 

5.26 

8.87 

66.7 

33.3 

6.46 

.06 

3.47 

2.11 


* All values except those in the second and the last 4 columns are calculated on the basis of dry weight. 
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Soluble solids increased notably until the fourth collection, when 
they reached a maximum. Their graph (fig. 1) was similar to that of 
total sugar, which accounted for slightly more than half of the soluble 
solids. 

Naringin (fig. 2) fluctuated considerably in various samples, but on 
the whole decreased during the season. 

Hydrolyzable polysaccharides (fig. 2) diminished slowly throughout 
the season, or at least became relatively less. 

Hydrogen-ion concentration in the mid changed very slightly, but 
there appeared to be an increase until the third collection (June 11), 
after which there was a 


small decrease, so that 
the pH was nearly the 
same at the time of the 
first and the last collec¬ 
tions (fig. 2). 

The average liydro- 
gen-ion concentration 
of the pulp juice did not 
parallel that of the rind. 
The pH graph for pulp 
juice is presented in 
figure 2, and the titra¬ 
tion values for the same 
juice samples are shown 
in table 1. 

The flavedo - albedo 
ratio rose slowly until 
the July 23 collection 
and then decreased to a 
value less than that at 
the beginning of the 
season. 


Soluble, solids 



total Sugar 


Reducing Sugar 


- Invert Sugar 


A summary of the | --4-I-I 

seasonal changes in the fc | — | | 

rind of the Oasis grape- 5 € 30 // /j / $ 

fruit is presented in dates or collections>, /sss -34 

table 1 8 jld bl figures jf KtiyRK 3— Seasonal changes ]n mear mr temjierature (msans for 

o and 4. hiach percent- *>-dav periods preceding collection*- and in the composition of the 

_ rind of Marsh grapefruit from Oasis, Calif, with respect to water, 

age \ alUe IS tne average soluble aplids, and reducing, invert, and total sugars 

of eight determinations. 

Water increased slightly through the season, regardless of the fact 
that the weather was growing warmer and drier. The average relative 
humidity in the Coachella Valley for March and April 1934 was about 
30 percent. 

Soluble solids and total sugar (fig. 3) increased rather steadily 
through the season. The behavior of the total sugar was largely that 
of the reducing sugar until invert sugar increased greatly toward the 
end of the season. 

Reducing sugar increased until January 15 and then decreased to 
April 9, whereas invert sugar increased slightly to December 11, then 
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decreased to January 15, and increased during the rest of the season. 
The seasonal graphs in figure 3 show that these sugars when compared 
with graphs for mean air temperature behaved very much as did the 
same sugars in the rind of the Fontana-Corona grapefruit (fig. 1) 
when their graphs were compared with block graphs for mean air 
temperature. 

The hydrolyzable polysaccharides (fig 4) showed a relative decrease 
through the season. 

Naringin showed a general decrease, but there were fluctuations in 
naringin content resembling those noted in the rinds at Fontana and 
Corona. It seems very probable that naringin is an indirect by¬ 
product of respiration. 
If so, there should be a 
tendency for naringin 
content to parallel the 
late of respiration. 
Phloridzin, a closely 
related glucoside, has 
been lound to behave 
so in applt shoots (11, 
12). If the naringin 
situation is somewhat 
comparable, one may 
expect a general sea¬ 
sonal decrease of narin- 
gin while the fruit is at¬ 
tached to the tree and 
the rate of respiration 
becomes slower and 
t ranslocation o r de¬ 
struction of naringin 
continues, B u t local 
conditions which speed 
up respiration might 
temporarily offset the 
general seasonal tend¬ 
ency of the glucoside to 
diminish. The narin¬ 
gin graphs (figs. 2 and 
4) show fluctuations 
which may be tenta¬ 
tively explained in this 
manner by noting the larger variations in the air temperature. 

The decrease in the average hydrogen-ion concentration of the 
Oasis grapefruit rind was equivalent to about one pH unit during the 
season. The average hydrogen-ion concentration in the pulp juice 
also decreased, but the change was very slight. 

The flavedo-albedo ratio changed as much as 21 percent, but the 
changes were rather irregular. 

It is interesting to note that the seasonal changes in the rind of 
grapefruit just recorded agree in general with the findings of investi¬ 
gators who have studied seasonal changes in the pulp or the juice of 
grapefruit. In Florida, Collison ( 5) found that both reducing and 
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invert sugars increased in the juice while the grapefruit was attached 
to the tree, but that the changes were not so marked as in oranges. 
Invert sugar began to break down toward the end of the season. 
Acid also decreased gradually from the beginning of the season. 
Lopez-Dominguez {17) made the following observations on seasonal 
changes in the juice of grapefruit grown in Puerto Rico: Total solids 
remained fairly constant, acid decreased steadily; total sugar increased 
gradually to a solids-acid ratio of 7 and then fluctuated; and invert 
sugar increased throughout the season. These results are in general 
agreement witli the findings of Hawkins {14) for Florida grapefruit. 

Comparison of Stem and Blossom Ends 

AT FONTANA AND CORONA 

The data presented in table 2 have been arranged for comparing the 
stem-end and blossom-end portions of the rind of grapefruit from 
Fontana and Corona. The differences in composition recorded for 
these rind portions were surprisingly small in view of the very much 
larger corresponding differences noted in the studies on Valencia and 
Washington Navel orange rinds {13). 

The stem-end rind had more water, reducing sugar, in\crt sugar, 
and soluble solids than the blossom end. The latter was higher in 
hydrolyzable polysaccharides and hydrogen-ion concentration, but, 
as mentioned above, none of the differences is large, and perhaps 
some are of questionable significance in spite of the large number of 
analyses involved. 

Table 2 —A comparison of the chimieal composition of Marsh grapefruit stem-end 
and blossom-end iinds at Corona and Fontana and at Oasis, Calif, dm mg the 
season of 1088 84 1 

CORONA AND FONTANA, 1933 



Water 

Reducing sugar 

Invert sugar 

Total sugar 

Nanngin 

Portion of rind 

Av- 


Av- 


Av- 


Av- 


Av- 



er- 

Range 

er- 

Range 

er- 

Range 

er- 

Range 

cr- 

Range 


age 


ago 


age 


age 


age 



Pet 

Pet 

Pet 

Pet 

Pet 

Pet 

Pet 

Pet 

Pd 

Pet 

Stem end.. 

SI V 

80 1-82 5 

2*1 21 

22 70-26 82 

12 18 

8 35-17 00 

37 41 

3 r > 16 39 69 

7 31 

4 62 8 31 

Blossom end . . 

78 2 

72 9-79 5 

21 6 2 

21 11-20 27 ( 

11 50 

7 85-16 59 

10 12 

34 12-39 00 

7 32 

5 51 8 16 


Hydrolyzable 

polysac¬ 

charides 

Soluble solids 

Insoluble 

solids 

Hydrogen-ion 
cot eut ration 

Flavedo-albedo 

ratio 

Portion of rind 

Av- 


Av- 

4 

Av- 


Av- 


Av- 

Range 


er- 

Range 

er- 

Range 

er- 

Range 

er- 

Range 

er- 


age 


age 


age 


ago 


age 



Pet 

Pet 

Pet 

Pet 

Pet 

Pet 

pH* 

pH 

Pet 

Pet 

Stem end. 

7 32 

0.03-9 68 

70 2 

65 0-73 3 

29 8 

26 7-35 0 

b 45 

6 25-6 06 

0 74 

0 68-0 78 

Blossom end.... 

7.45 

0.11-9 12 

69 5 

65.2-74 1 

30.6 

25 9-34 8 

6 40 

0 29-6 59 

75 

05- .81 


1 All values except those for the water, hydrogen-ion concentration, and flavedo albedo ratio are calcu¬ 
lated on the basis of dry weight . .... . 

2 The writers are fully aware that the averaging of pH values, here and elsew here in this paper, Is mathe¬ 
matically unsound, but they believe that through the ranges show n the averages of pH vplues as numerical 
entities are probably as sound biologically as the averages of the actual hydrogen-ion concentrations or the 
equivalent pll values, and are considerably more convenient 
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Table 2 —A comparison of the chemical composition of Marsh grapefruit stem-end 
and blossom-end unds at Corona and Fontana and at Oasis, Calif , during the 
s(ason of 11)33 -%—Continued 


OA<H8 1933 34 




A ater 

Reducing sugar 

Invert sugar 

Total sugar 

Naringin 

Portion of rind 

A\ 


u 


Av 


Av 


Av- 



er 

Rat ge 

er 

Range 

or- 

Range 

er 

j Range 

er- 

Range 


age 


age 


ago 


age 


age 



l>cf 

Pet 

J >et 

Pet 

Pit 

Pit 

PP 

Pet 

Pet 

Pd 

Stem mil 

77 4 

74 7-81 2 

20 71 

14 05 27 42 

9 04 

7 09-12.60 

29 77 

22 29 14 51 

G 76 

4 68 9 84 

Blossom end 

76 3 

71 0 80 1 

20 42 

11 50-20 65 

1 

11) 31 

7 77 15 39 

i 30 75 

21 27 10.61 

6 17 

4 69 8 57 


Hydrohzable 

polysac 

chandes 

Soluble solids 

1 

Insoluble 

solids 

Hydrogen ion 
com entration 

Fla\edo-albedo 

ratio 

Portion of rind 

A\ 


\\ 


A\ 


■ 

\\ 


A\ 



er 

Rang© 

er 

Rangp 

er 

R mge 

er 

Range 

tr- 

Range 


age 


agi 


age 


age 


age 




1 






% 




Pet 

j Pet 

Pet 

Pd 

Pet 

Pit 

pin 

ph 

Pet 

Pit 

Mem end 

11 92 

In 44 l r . 50 

00 9 

51 4 05 1 

19 1 

34 0 48 0 

G 24 

5 78 6 79 

0 81 

0 75 0 88 

Blossom md 

11 34 

8 10 14 20 

01 2 

r l 7 OK 1 

18 8 

11 7 40 3 

6 22 

5 70 0 n 

89 

12 1 04 


2 r I he wrilois aiefulh await that Hit avenging of pH tallies here and elsow here in this paper, ismatho 
maticallv unsound hut 1 hev belli v e t hat through the r mges shown the averages of pH \ alues as numerical 
entities are prohibit as sound biologic ull\ as the averages of the actual hydrogen ion toncentratious or 
the equivalent pH v dues and art consider ibis more lovement 

Naringin and the flavedo-albcdo ratio wore approximately the 
same m both rind portions 

The total a\erage difference for all substances in the two ends was 
114 percent The corresponding a\erago differences in the Valencia 
and Washington Navel orange rinds were about 13 and 11 percent, 
respectnely 

AI OASIS 

Table 2 , which also presents the data for the stem and blossom ends 
of the rind of Marsh grapefruit from Oasis, shows that the difference 
between the two ends was even less than that in the rind of grape¬ 
fruit from the Fontana-Corona district. The total average difference 
was only 1 3 percent. 

Comparison o* Fla\lt>o and Aibldo 

Table 3 shows the chemical composition of the flavedo and albedo 
ol grapefruit from Fontana and Corona The differences in com¬ 
position of these tissues were \ery small, the total average difference 
being only 2 2 percent The corresponding difference between the 
flavedo and albedo for Valencia and Washington Navel oranges ( 13) 
had been found to be about 10 percent and 16 percent, respectively. 

Table 3 also offers a comparison of the flavedo and albedo of grape¬ 
fruit from Oasis The two tissues show significant differences in 
regard to some substances The flavedo w as considerably higher than 
the albedo in invert sugar, total sugar, and soluble solids. The albedo 
was higher in naringin, hydrolyzable polysaccharides, and hydrogen- 
ion concentration. The total average difference was 8 3 percent, or 
nearly equal to the corresponding difference in Valencia oranges (13). 
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Table 3 —A comparison of the chemical composition of gtap< fruit flav((io and albedo 
at Corona and Fontana , and at Oasis, Calif, during the season of 1 ( )^S ?4 1 


CORONA AM) FONT ANA 1933 




A ater 

Reducing sugar 

Invert sugar 

1 otal sugar 

Narmgin 

Portion of rind 

A\ 


Av 


Av 


Av 


Av 



er 

Range 

er 

Range 

cr 

Range 

Q r- 

Range 

er 

Range 


age 


ag< 


age 


age 


age 



Pet 

Pel 

Pit 

Pet 

Pet 

Pet 

Pet 

Pet 

Pet 

Pet 

Havedo 

79 4 

77 5 80 8 

25 00 

22 70-27 10 

11 79 

7 91 15 75 

10 79 

35 03 39 04 

0 38 

4 17- 7 87 

Albedo 

80 1 

79 6 80 9 

24 85 

22 74 20 21 

11 89 

8 27 10 84 

30 74 

34 20 38 39 

8 20 

5 90-10 35 


Hydrolv7able 
polysac 
th indes 

Soluble solids 

Insoluble 

solids 

Hydrogen ion 
concentration 

I lav edo albedo 
ratio 

Portion of rind 

A\ 


Av 


Av 


Av 


Av 



er 

Range 

er 

Range 

er 

Range 

er 

Range 

or 

Range 


igt 


age 


age 


age 


age 



Pet 

Pet 

Pet 

Pet 

Pet 

Pet 

pH 

pll 

Pet 

Pit 

1 lnvedo 

<> 20 

5 42- 7 48 

71 4 

68 1 74 8 

28 G 

25 2 11 7 

0 72 

0 52 0 91 

0 74 

0 71 0 77 

Albedo 

8 51 

( 88 11 11 

08 1 

01 9 72 5 

31 7 

27 5-18 1 

0 14 

r 9<>-0 30 







OASIS 

• 1913 

34 






i 

A dei 

Rt due ing sugir 

| Invert sugar 

1 

I ot il sugar 

Naringin 

Portion of rind 

A\ 

1 

Av 


Av 




Av 





Vv 




< r 

Range 

er 

R inge 

er 

mge 

er 

Range 

er 

Range 




age 


age 


age 


age 



Pet 

Pit 

Pit 

Pet 

Pel 

Pet 

Pc ' 

P(f 

Pit 

Pet 

F lnvedo 

"0 " 

72 7 81 1 

20 00 

ii 5s r 7i 

10 94 

5 17 15 20 

31 00 

16 95-36 15 

4 80 

3 01- 8 24 

Albedo 

" 0 

74 0-80 0 

21 (X) 

10 87 20 33 

8 1 

5 01 12 71 

29 o2 

25 52 32 60 

S 15 

0 85-10 17 


Il\diol> 2 able 

polvsac 

tharides 

Soluble solids 

Insoluble 

solids 

Uvdrogi n ion 
concentration 

Havedo alb°do 
ratio 

1 orlion of rind 

Av 


A v 


Av 


Av 


Av 



er 

Rungt 

or 

R ingc 

er- 

Rh nte 

er 

Range 

er 

Range 


age 


age 


age 


ige 


age 



Pet 

Pet 

Pet 

Pit 

Pet 

Pit 

pit 

pH 

Pit 

Pit 

Havedo 

10 27 

7 40 14 09 

04 3 

53 8 70 1 

35 7 

29 9-40 2 

0 54 

5 88 7 07 

0 81 

0 75-1 04 

Albedo 

12 99 

10 28 15 07 

57 7 

51 1014 

42 1 

30 6-48 7 

5 93 

5 C>0-6 34 




1 All values except those for the water hydrogen ion concentration and fla\ edo albedo ratio are calculated 
on the basis of dry weight 


It is interesting to note that the grapefruit from Oasis showed less 
difference between the stem-end and blossom-end rinds and more 
difference between flavedo and albedo than did the grapefruit from 
Fontana and Corona The same relation was noted in a similar 
comparison between Valencia and Washington Navel orange unds (13) 

Comparison of Fruit from Different Localities 

Table 4 presents a comparison of the composition of grapefruit 
rinds from the three localities from which fruits were obtained. The 


71048—30-3 
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Fontana and Corona values were averaged, as shown in the third line 
of table 4, in order to be in agieement with the other comparisons in 
this study. 


Table 4 — Companion of the ch( mnal changes in th( rind of Marsh grapefruit m 
different lo(alitu s during the s eason of 1938 1 


Locality 

W ater 

Redut 
ink 
sup ir 

Invert 

sugar 

Total 

sugar 

Narm 

Km 

llvdro 
lv7able 
I>oly* 
s m ( ha 
ruks 

Solll 

ble 

solids 

Insolu 

ble 

solids 

TTvdro 
gen ion 
cone cn- 
f ration 

Fla¬ 

vedo- 

albedo 

ratio 

( oroim 

Ionian > 

Perci lit 
HO 00 
70 70 

Perci lit 
21 02 
2 r > HI 

Pin int 
12 02 
11 07 

Pir cent 
10 04 
it) 90 

Percent 
7 04 

0 9h 

Percent 
7 40 

7 37 

Peru nt 
70 00 
09 70 

Percent 
10 00 
10 30 

pIT 

0 10 

6 55 

Pit 

0 77 
71 

A\i rape 

79 85 

24 91 

11 HI | 

10 77 

7 11 

7 19 

09 85 

30 15 

0 43 

71 

()asis 

70 HO 

20 5H 

9 09 

30 27 

6 47 

11 01 

01 00 

39 00 

0 24 

.HI 


> All vdues except those for water, hvdropen ion comentr ition and flavedo ilbedo ratio are c Undated 
on the basis of dr^ weight 


When the indmdual values of the three localities are examined 
separately, it becomes evident that the Fontana anJ'Corona rinds 
agree more closely in composition than either agrees with the Oasis 
rinds This tact tends to justify the present plan of handling the 
Fontana and Corona data together and contrasting them with the 
Oasis data Of the two former, however, the Corona showed a 
slightly closer lesemblancc to the Oasis rinds. 

The average of the Fontana and Corona rinds was higher than that 
of the Oasis imds m water, reducing sugar, invert sugar, naringin, and 
soluble solids This higher sugar content of the Fontana and Corona 
rinds was rat hex surprising. The Oasis rinds were higher in hydro¬ 
lyzable polysaccharides and hydrogen-ion coneentiation, and had a 
larger flavedo-albedo latio 

DISCUSSION 

In the foregoing presentation of data on the composition of the 
Marsh grapefruit rmd consideration has been given to seasonal 
changes, differences between stem and blossom ends, ilavedo and 
albedo, and the possible influence of local or climatic enviionment. 
Measurable changes and differences were noted in most of these 
comparisons. In this and in another report on citrus rinds (13), the 
writers have placed some emphasis upon such differences because of 
the possible relation of some of them to subsequent pitting and 
spotting of citrus rind in storage or during transportation For 
example, it has been pointed out that if the stem-end rind differed 
considerably m composition from that of the blossom end and was 
much more subject to spotting, then those differences in composition 
might bo associated with the cause or causes of the trouble. Again, 
corresponding differences in the composition of the flavedo and albedo 
might be of importance in determining why pitting or spotting 
originated in one or the other of these tissues. 

In the comparison of stem- and blossom-end rinds, it was noted 
not only that grapefruit showed less difference between these portions 
than did oranges, but also that while the difference was still noticeable 
in the Fontana-Corona rinds it was very small in the Oasis rind. 
But in the comparison of flavedo and albedo it was noted that the 
difference between these tissues was greater at Oasis than at Fontana 
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and Corona, and less in rinds of fruit from all these localities than in 
the orange rinds. 

That there can be no hard and fast interpretation of such differ¬ 
ences as may be recorded in total seasonal averages seems obvious. 
But there may be some¬ 
thing of considerable 
value, theoretically, in 
observing variations in 
the differences between 
the various tissues in 
relation to changes in 
the season and in the im¬ 
mediate environment. 

The matter of this sea¬ 
sonal difference between 
rind tissues has been 
discussed in the report 
on orange rinds (13). 

It is referred to again 
because the graphs rep¬ 
resenting these seasonal 
differences (figs. 5 and 
f>) show how extremely 
variable are the rela¬ 
tions in regard to com¬ 
position between any 
two tissues of the rinds 
under comparison. 

The average value of the difference for the season as a whole is often 
small as compared with differences that may appear at various times 
during the season. Changes may occur in the rind at a given period 

that are a complete 
reversal of the trend as 
indicated by the seasonal 
averages. 

The Fontana-Corona 
average seasonal differ¬ 
ence in the two ends was 
recorded as 3.4 percent, 
yet the graphs of figure 5 
show generally less than 
this figure. The much 
larger percentage of 
water in the stem end 
helped greatly to in¬ 
crease the seasonal aver¬ 
age difference. At the 
second collection the 
difference in water con¬ 
tent between the rind of the ends of the fruit was about 5 percent 
greater than the normal seasonal difference. Naringin was higher in 
the stem end at the first and third collections, but lower at the second, 
fourth, and fifth collections. Reducing sugar, usually higher in the 
stem end, was lower at the fourth collection. 



F KtI Kfc 6 —Seasonal changes in the differences between the average 
composition of the stem end and blossom end of the rind of Marsh 
grapefruit from Oasis, Calif, with respect to water, reducing and 
invert sugar, and naringin Positive values indie ito the stem 
end higher than the blossom end and negative values the reverse 



FiGi kk 5 —beasonal changes in the ditloreucos between the average 
composition of the stem end mil blossom end of the rind of 
Marsh grapefruit from Corona and Fontma, Calif, with respect 
to water, reducing and invert sugir, and naringin Positive 
valuos indicate the min end higliei than the blossom “nd and 
negative values the reverse 
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At Oasis, where the average seasonal difference between stem end 
and blossom end was 1.3 percent, an amount scarcely considered 
significant, figure 6 shows that there were many variations in respect 
to individual differences. The tissues show a different relation to 
each other in respect to composition at every collection date. Na- 
ringin, which was higher in the stem end through four collections, was 
lower at the fifth collection. Water and sugars varied constantly in 
their interrelationships. 

The foregoing data indicate that, when it is said that one portion of 
the rind of a citrus fruit contains more of a certain substance than 
another, it should be made plain whether one is speaking generally or 
of specific instances. Apparently almost any relationship (‘an be 
found between rind tissues on occasion, and these occasional changes 
may have much to do with the subsequent behavior of citrus rinds. 
It seems clear that the interrelationships of substances in the various 
portions of the rind can be modified relatively rapidly and signifi¬ 
cantly by weather conditions. 

STORAGE STUDIES 

So far no reference has been made to findings that might relate time 
of picking, composition of rind, location, etc., to pitting and spotting 
of grapefruit in storage. The rinds used in the studies just reported 
were analyzed directly from the field, and therefore had no oppor¬ 
tunity to develop spotting. However, for each lot of fruit used in 
the field studies a corresponding lot was collected and placed in storage. 
At the end of the storage periods these were inspected and later 
analyzed. The principal aims of these studies were (1) to determine 
some of the general chemical changes occurring in grapefruit rinds 
during storage, (2) to note the relation of such changes to the pre¬ 
viously determined condition of the rinds at the time of picking, (3) 
to correlate the findings with the susceptibility of the rinds to pitting 
and spotting, and (4) to study the effects of various substances and 
treatments on pitting and spotting. 

MATERIALS AND METHODS 

The grapefruit used in the main storage experiments were from the 
same selected Marsh grapefruit trees that furnished the material for 
the studies of rinds in the field. At the time that most of the field 
collections of grapefruit for immediate study were made, additional 
lots were taken for storage under different conditions. The relation 
of the former to the latter and to the season is shown in figure 7. 

The storage temperatures employed were 32° to 33°, 42°, and 51° 
to 52° F.; they fluctuated through a relatively narrow range, the 
greatest variation being in the 32° to 33° room. Throughout the 
paper the temperatures are referred to simply as 32°, 42°, and 52°, 
unless there is need to mention the exact temperature. Tn the three 
storage rooms an average relative humidity of 84, 87, and 89 percent, 
respectively, was maintained. The length of the storage periods was 
generally about 6 weeks. At the end of that time inspections were 
made for pitting and spotting, and the rinds were prepared for 
analysis. 

.The methods of preparing and analyzing the rinds were identical 
with those described in previous reports (13,14, 24)* As in the field 
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studies, the rind was separated into four parts, as follows: Stem-end 
flavedo; stem-end albedo; blossom-end flavedo; and blossom-end 
albedo. The analyses of the rinds included the determination of 
water, soluble and insoluble solids, reducing: sugar, invert sugar, 
naringin, hydrolyzable polysaccharides, and hydrogen-ion concentra¬ 
tion. The juice from the pulp was examined only for hydrogen-ion 
concentration and titratable acidity. 

MAIN STORAGE EXPERIMENTS 

Two collections for storage comprising three lots each were made 
during the season at Corona and Fontana, and five were made at 





rtov e Dec // Jam 15 Mar / Apr 9 May 2! 

1933 /3 3-4 


f Kill'll 7 1 Ingram showing relationship of stoiage lots to tlie various field collettions 1 . Coroua and 

Fontana It Oasis 

Oasis. In fact, at the latter location there was a collection for storage 
corresponding to every field collection for immediate use. 

The results of the investigations of the rinds of these grapefruit 
after storage will be presented separately for the two principal 
districts invoh ed. The Corona and Fontana grapefruit rinds beha\ ed 
very much alike qualitatively in almost every detail noted. On the 
other hand, the behavior of the rinds of the Oasis fruit differed in 
several respects from those of Corona and Fontana. 

DESCRIPTION OI THE STORAGE LOTS AND INSPECTIONS 

The first Corona and Fontana storage lots correspond to the second 
immediate field collections picked April 28 and May 1 in the two 
respective locations and placed directly in storage. The fruit was 
firm and well-colored when picked, but could not be considered 
further advanced than early maturity. At the time of removal from 
storage the fruit was still firm in all three storage rooms. The 
effects of temperature and other storage conditions on pitting and 
spotting of the rinds are presented in table 5. 
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Table j —Kffict of storage temperature and date of picking on pitting and spotting 
of Marsh graptfruit giown at Corona and Fontana and at Oasis , Calif , 1938-84 

CORONA AND FONTANA, 1933 


1 )ate of 




Storage 

Relative 

humidity 

Pitting and spotting 

Location 

I ot no 

storage 

period 

tem 






cohec 

tion 

pera 

W eight- 








lure 

ed 

average 

Range 

Slight 1 

Se\ ere 1 

Total 


l')tf 



Tiny s 

° 1 

Percent 

Percent 

Percent 

Percent 

Percent 

Apr 28 


G 

42 

51 

8K 

84 92 

5 

0 

5 


7 

42 

42 

85 

79 89 

13 

50 

03 


Corona 

8 

42 

32 

84 

83-90 

30 

0 

30 

JulV 21 

0 

40 

52 

87 

82 94 

10 

0 

10 


10 

40 

42 

85 

78-89 

30 

33 

03 



11 

40 

33 

79 

75 85 

10 

7 

17 

Ma\ 1 


(> 

42 

51 

88 

84 92 

5 

0 

5 


7 

42 

42 

85 

79-89 

24 

70 

100 


Montana 

8 

42 

32 

84 

83 90 

3 

27 

30 

Julv 24 

9 

44 

52 

87 

82 94 

10 

0 

10 


10 

44 

42 

85 

78 89 

31 

00 

01 



11 

44 

31 

70 

75 85 

51 

21 

72 



OASIS, . 

1933 34 






\o\ 6 j 


f 

33 

52 

80 

87 94 

0 

0 

0 



7 

33 

42 

87 

83 91 

0 

100 

100 



8 

13 

33 1 

80 

79-91 

0 

0 

0 

J)(< 11 


0 

37 

52 

<14 

92 05 

0 

0 

0 



10 

17 

42 

80 

70-90 

25 

25 

50 

/ H, 


11 

17 | 

32 

81 

70-80 

0 

0 

0 

Ian l r ) 


12 

44 

52 

89 

80 90 

0 

0 

0 


>( o u belli \ alU v 

< 11 

44 

42 

88 

79 91 

22 

8 

30 



It 

44 

33 

88 

82 93 

0 

12 

18 

Mar 1 


r 

39 1 

51 

89 

84 93 

0 

0 

0 



i<» 

39 

42 

89 

85 92 

34 

8 

42 



17 

30 

33 

88 

83 02 

35 

18 

5*3 

A pi '1 


18 

42 

52 

90 

80 04 

0 

0 

0 


10 

42 

42 

93 

91 95 

<>4 

28 

92 



20 

42 

33 

89 

85 91 

54 

44 

98 


1 slight pitting and spotting inihides only such cases as were not considered of commerc lal importance 
Sevtie pitting and spotting includes ill cases which might affect the commercial \aluc of the fruit A 
rithcr arbitral stmdard involving both size and number of spots had to be adopted for such judgments 


The second Corona and Fontana storage collections (lots 9 to 11) 
correspond to the fourth field collections for immediate study They 
weie picked July 21 and July 24 at the two respective locations and 
placed m stoiage at once. The fruit when picked was somewhat less 
firm than the previous collection because of its considerably advanced 
matunt> and the prevailing warmer weather. It was also less firm 
at the end of the storage period; but was not seriously shrunken. 
The condition as regards pitting and spotting is given in table 5. 

The first Oasis stoiage collection was picked November 6 and placed 
in storage the same day. It corresponds to the first field collection 
lor immediate study. > The fruit was rather dark green, and the date 
of picking preceded the first commercial picking by about 3 weeks. 
The fruit was firm when iemoved from storage, and that which had 
been at 52° F. was beautifully colored and entirely free from storage 
blemishes. That from 42° was severely pitted and spotted, and in the 
occasional areas free from these blemishes there was considerable 
green color remaining. That from 32° was almost as green as when 
placed m storage, but entirely free from stoiage pits or spots. Plate 1, 
A-C, shows the appearance of these lots after storage. The results 
are given numerically in table 5. 
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PLATE 1 



Mtirsh grapefruit collected at Oasis (( oachella \ alley) November 0, 1933, and stored for 31 days A, At 
p i2° i< , the spots showing being tree blemishes, at. no stoiagc spot occurred, B, at 42°, all fruit spotted 
badh C, at 12°, at which no storage spot occurred, the spots showing being tree blemishes and the 
shading due to the unequal distribution of tho green color remaining on tb ruit 


Changes in Composition of Rind of Marsh Grapefruit 


PLATE 2 




1 Marst* graiiefruit from ( laremont *) da\s after 1 eing injected w ith 2 ml each of tlie folk w ing solutions 
and held at 42° I at) 1 turient iiuriugemn t 0 028 \ ercent nanngenin c weak ferric chloride 
d *> percent alcohol e l) 1 i>ercent naringin H I he same fruit as in 1 after being held 24 hours at 
room temjierature a 0 1 percent naringenin and 6 0 028 jiercent nanngenin ( Marsh grapefruit 
from ( laremont 2 weeks after bung injected a 0 6 mg of nanngenin and / o 1 mg of nanngenin and 
held at 42° k 
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The second Oasis storage collection was picked December 11 and 
placed in storage the same day. The color of the fruit was light 
green, and commercial picking had been in progress about 3 weeks. 
On removal from storage the fruit that had been held at 52° F. was a 
clear yellow and entirely free from storage blemishes; that held at 
32° still retained some green color but was also free from blemishes; 
but that held at 42° was badly pitted and spotted, although less so 
than the corresponding first storage collection (table 5). 

The third Oasis storage collection was picked January 15 and placed 
in storage the same day. The fruit was fully colored ami firm, and 
represented prime harvest maturity. At the end of the storage period 
it was the least pitted and spotted of any used in the Oasis storage 
experiments (table 5). 

The fourth Oasis storage collection was picked March 1 and stored 
the same day. The fruit was not so firm as that of previous collec¬ 
tions, but still was in 
very good condition. 

In storage the spot¬ 
ting h ad be c o m e 
rather serious at 32° 

F. and the injury had 
increased somewhat 
at 42° (table 5). 

The lifth Oasis 
storage collection was 
picked April t) and 
stored the same day. 

The fruit was notice¬ 
ably past prime har- 
\est condition. The 
effects of higher air 
temperatures and 
advanced mat uri t y 
w T ere indicated by 
lack of firmness, large sizes, and “hollow cores/ 7 In storage this 
fruit pitted and spotted almost as badly as the November collection 
(table 5), although the number of “severe” cases was not so large. 
The response of the Oasis grapefruit rinds to the storage conditions 
furnished is shown in figure S. 



Fk»i hi* 8 - Seasonal changes m susivptibiliH to pitting and spotting 
of Marsh gnijKifrijit from Oasis after storage at 32° and 42° F No 
pitting or spotting at 52° 


Rel\tio\ t of Pitting and Spotting to Time of Picking and Temperature oi 

Storage 

The variation in the effects of the different storage temperatures 
with the season of picking was very interesting. In the fruit from 
Oasis at 52° F. there w r as no pitting or spotting of grapefruit picked at 
any stage of maturity; but at 42° every fruit of the November collec¬ 
tion was severely affected with storage spots. The December collec¬ 
tion had about one-half as much spotting as the first, but not all the 
fruits involved wore seriously affected. The January collection showed 
the least susceptibility to spotting but in later collections spotting 
increased greatly. 

The same variation in susceptibility to storage spotting with varia¬ 
tions in temperature and stage of maturity was indicated by the be¬ 
havior of the two storage collections from Corona and Fontana. The 
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first collection from both localities showed a very high susceptibility 
to spotting at 42° F, but low at 32°, but in the second collection spotting 
increased greatly at 32° in the Fontana fruit. There were only traces 
of pitting and spotting at 52° in any of the Corona and Fontana fruit. 
These two storage collections are believed to correspond as regards 
maturity to the second and fourth Oasis collections. 

It should be emphasized that the types of spotting or pitting which 
occurred at 42° and 32° F. were noticeably different. The spotting or 
pitting at 32° usually involved very small islands of tissue. These 
were similar to the characteristic “pock” or the small, sharply sunken, 
but almost colorless blemishes commonly occurring on California 
grapefruit exported to England Another type of spotting at 32° 
was small, shallow, and reddish in color. In one lot at 32° there devel¬ 
oped a sort of soft scald. The spotting or pitting occurring at 42°, 
however, usually involved large irregular areas which were more or 
less discolored and often showed concentric rings marking their 
development. In addition, coalescence of spots frequently occurred. 

When the grapefruit was brought from storage at 32° to 33° F. and 
held either at room temperature or at 52° for a few dura, it usually 
developed severe spotting. These spots resembled the characteristic 
42° rather than the 32° spots. 

Taking the results of the storage tests as a whole, there is little 
doubt that a temperature of 40° to 42° F. produced more spotting of 
California Marsh grapefruit than the other temperatures used. This 
conclusion seems to be corroborated by the unpublished observations 
of a number of other workers. Although temperatures below 42° may 
not produce so much spotting in storage, they tend to render grapefruit 
more susceptible to spotting after removal to higher temperatures. 

For more than a decade workers (/, 8, 9, 14, 15, 1(>, 19) m various 
parts of the country have attempted to determine the best storage 
conditions for grapefruit Such investigations have not led to a 
general agreement, and at present it seems very improbable that there 
will ever be a satisfactory recommendation that grapefruit should be 
held at a certain definite temperature and relative humidity. The 
situation is too complex to have a simple solution. Some of the 
important factors to be taken into consideration are variety, the sec¬ 
tion of the country where the fruit is grown, the districts within those 
sections, the cultural treatment of the grove, stage of maturity of the 
fruit, weather conditions at time of picking, and the various packing¬ 
house treatments. The importance of most of these factors is now 
recognized and some (ffort is being made to integrate them sufficiently 
to allow special and practical recommendations to be made, at least for 
the different citrus-growing districts. The readiness with which 
grapefruit from the different districts become infected by mold and 
other organisms may sometimes require the recommendation of a 
storage temperature known to be far from ideal for the best control of 
storage spotting. The same procedure may be necessary in order to 
avoid the development of too deep a color in storage at the higher 
temperatures. 

Considering only the physiology of California Marsh grapefruit 
rmds as regards spotting and pitting in storage, there remains little 
doubt that a temperature of 50° to 55° F., or somewhat higher, and a 
relative humidity of approximately 90 percent would be much better 
than anything below these values. These results are in agreement 
with those of Brooks and McColloch ( 1) for Florida grapefruit. 



May is, 1936 Changes in Com position oj Rind oj Marsh Grapeji uit 763 


Chemk al Anahsis 

( OliONA AND ONI AN A 

In table 6 are summarized the chemieal changes recorded for the 
Corona and Fontana grapefruit rinds in storage at different tempera¬ 
tures. For each storage temperature the data presented are the 
combination of both storage collections from the two localities and for 
all portions of the rind. Each figure in the table is the average of 32 
determinations 


Table 0 Effect of storage tempt ratun on the composition of tht rind of Marsh 
grapefruit grown at Corona and Fontana , Calif 


[Percent hucs except water are on dry-weight basis, each figure being the aveiage of 12 deteiimnationsj 

Item storage Li ° F 4 -° F - *2 0 -13 0 F. 

W ater . 

Percent 

HO 

1 

79 

1 

79 

(» 

79 

*> 

Reducing sugar . 

do 

24 

58 

29 

52 

30 

11 

21 

85 

Inxort sugar. . 

do 

12 

91 

2 

(>9 

1 

M) 

11 

40 

'1 otal sugar 


17 

49 

12 

21 

n 

93 

15 

25 

Naringm _ 
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Figiirl 9 —Effect of storage temj)erature on the sugar content of the rind of Marsh grai>efruit picked at 
different times, average of fruit from Corona and Fontana. 

The water content of the rinds changed only slight ly during storage, 
but tended to decrease. Total sugar invariably decreased, this 
decrease being least at 32° F. and greatest at 52°. This and other 
points referred to below are shown graphically in figures 9 and 10. 
Reducing sugar always increased at 52° and 42°, the increase being 
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about the same at both temperatures (fig. 9). At 32° there was little 
change in the amount of reducing sugar, although a slight decrease 
was noted. 

Invert sugar decreased strikingly at all temperatures except at 
32° F., at which the decrease was slight. Although the difference in 
temperature between the storage rooms was 10° the amount of 
inversion of sucrose 1 was nearly the same at 52° and 42° but very 
much less at 32°. Apparently there is some critical point lying 
between 32° and 42° where the action of invertase in the rind tissue is 



tontana 


strongly inhibited. Invertase, acting upon sucrose solutions in vitro 
at the three storage temperatures, did not show a corresponding break 
between 32° and 42°. At the two higher temperatures inversion 
apparently proceeded faster than the products were used in respira¬ 
tion a supposition that accounts for the increase of reducing sugars 
noted at these temperatures. The same behavior of the different 4 
sugars in storage as outlined above was noted in every portion of the 
rind for both localities. The actual amount of inversion at the higher 
storage temperatures depended on the original sucrose content. The 
higher the latter the more the inversion, but the percentage of sucrose 
that remained was practically always the same regardless of the original 
content. 


* The term ‘Sucrose’’ has generall} been avoided, however, the writers are certain that “invert sugar” 
of this report is derived almost w holl> from sucrose. * 
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Naringin in the Corona and Fontana rinds usually decreased at all 
temperatures (fig. 10), the decrease being greatest at 32° F. and least 
at 52°. Naringin, however, does not always decrease in storage. 
In a few instances it increased in the Corona and Fontana rinds, and 
as will later be shown, the synthesis of naringin in the Oasis rinds in 
storage was the usual occurrence. Zoller (24) reported a rapid 
hydrolysis of naringin in grapefruit during storage, but the conditions 
of storage were not given. It has since been stated repeatedly by 
Hawkins (14,15) and others (7, 18) that naringin decreases in storage, 
but without indication that actual determinations of naringin had 
been made. The studies of the writers on the behavior of naringin 
and hespendin, and those of the senior writer on phloridzin, have 
shown that in living tissue separated from the tree, the phenolic 
glueosides will be hydrolyzed or synthesized, depending upon certain 
conditions which are poorly understood. The difficulty of under¬ 
standing seems to lie in the fact that a seemingly very slight change in 
the environment may determine the direction of the reversible 
reaction. The condition of the tissue when collected is apparently 
an important determinant of the subsequent behavior of the glucoside. 
In any case no one can say to date that naringin has decreased in 
storage without determining it in each instance. 

Determinations of the hydrogen-ion concentration showed that 
active acidity increased, except in a few instances, at 32° F. At 42° 
the increase was greatest in such a large proportion of cases that the 
tendency may be considered as unmistakable. It was more or less 
expected that the increase in acidity would be least at 32° and greatest 
at 52°, but that it should be greatest a i 42° was surprising. 

During these studies a number of observations were made which 
indicate that the reactions going on in grapefruit rinds at 42° F. were 
\ery different from those at the other two temperatures. Of course, 
it is possible, and is sometimes indicated, that many of the same basic 
reactions may go on at 32° as at 42°, but if so they are probably unable 
to manifest themselves at the lower temperature. These facts appear 
to have special significance in view of the further fact that storage 
pitting or spotting was much more severe at 42°. However, it is not 
intended to imply that any of the chemical or physical reactions 
observed as happening at 42° are directly responsible 4 for the storage 
pitting or spotting, although they may be associated in the same 
complex of reactions that cause the storage maladies. 

The increased acidity at 42° F. is particularly interesting because 4 
high acidity was positively correlated with naringin content in all 
fielel and storage lots from every locality. 4 The higher the acidity 
the higher was the coefficient of correlation. This may indicate only 
that both naringin and active lucidity are at times fairly good indexes 
of the relative rate of metabolism. 

Hydrolyzable polysaccharides changed very slightly in any of the 
lots (fig. 10), but apparently they decreased during the storage period. 
Soluble solids gave about the same results. 

A comparison of the chemical composition of the flavedo and albedo 
and of the stem and blossom ends of grapefruit rinds in the field was 
given earlier in this paper. The data from the present storage work 

* The following coefficients of correlation of naringin and active acidity may be of interest. Field and 
storage samples of Corona and Fontana gave r«0 01±0 05, storage only, Corona and Fontana, r»0 70dt0 05, 
and field and storage lots at Oasis, r«0 88±0.03. 
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showed the relations between the two tissues and the two end rinds 
to be so nearly like those described for the field samples used for 
immediate study that a separate presentation of a corresponding set 
of comparisons seems unnecessary. 

The rinds of fruit from Corona and Fontana had much the same 
chemical composition and behaved similarly in storage. In general, 
the Corona rinds had slightly more invert sugar and less reducing 
sugar than the Fontana rinds. Active acid, naringin, and othei 
substances examined were practically the same in the rinds from 
each locality In storage the responses of these substances to the 
different temperatures were essentially the same. The rinds in the 
first storage experiment from both localities showed a slight tendency 
to synthesize naringin in storage, that is to say, naringin increased 
somewhat at 52° and 42° F. in the Corona rinds, but such differences 
are of doubtful importance, except as showring that small fluctuations 
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were taking place in the equilibrium betw r een naringin synthesis and 
hydrolysis. The possible consequences of a failure of the tissue to 
tie up naringenm, the derivative of naringin, is discussed later. 

The relative susceptibility of the rinds of the two localities to 
pitting and spotting may be noted by leferring again to table f>. 
Although the Fontana rinds show^ up a little worse than the Corona, 
the differences are such that macrochemical analyses cannot be 
expected to disclose what is really significant. 


The summarized data showing the changes that took place in the 
rinds of the Marsh grapefruit in storage, from Oasis, are presented in 
table 7. For each storage temperature the values given in the tables 
are the averages of all collections and all portions of the rind. Each 
figure is the average of 40 determinations. 

Moisture conditions in the storage rooms jvere such that there was 
very little change in the water content of the rinds. At 52° F. there 



May is, 1936 Changes in Composition of Rind of Afar sh Grapefruit 


767 


was no appreciable change, and at 32° and 42° there was an average 
decrease of less than 1 percent during the storage period. 

Total sugar decreased in storage at all temperatures (fig. 11). 


Table 7— Eff<ct of storage temperatures on tht composition of Marsh grapefruit 

grown at Oasis, Calif. 

fPercmtagps except water are on dr\-weight basis, each figure being the axerage of 40 determination'*] 


Horn 


Water , 

Reducing sugar 
ln\ert sugar 

Total 

Nanngin 

IIvdrol>7nble polvsau handes 
Soluble solids 
Insoluble solids 
Kind 

Pulp juice 
\(idit\ L. 
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52° b 
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76 K 
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23 45 
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9 69 

2 69 

3 65 
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,40 46 

2 *) 58 
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do 

6 47 

7 74 
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.do 
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11 64 

11 33 
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59 8 

do 

.49 0 

41 1 

40 2 

pH 

6 24 

r > 90 

5 91 

j>H 

.4 2H 

.4 35 

4 28 

ml 

2 IS 

2 56 

2 50 


32° F 


76 0 


21 K0 
8 (X) 

29 92 

8 17 
11 11 
fll 7 
IS 2 
6 04 
3 34 
2 11 


1 As ml of N/l at id per 10 ml of pulp juice 


Reducing sugar increased slightly at all storage temperatures 
(fig. 11 and table 7). The increase at 32° F was largely at the 
expense of the polysaccharides, for the amount of inversion of sucrose 
at that temperature wtis probably not enough to satisfy the require¬ 
ments for respiration. The increase of reducing sugar at the tw r o 
other temperatures was due mostly to the rapid inversion of sucrose, 
for there was only a slight hydrolysis of polysaccharides at 42°. 
Although there w r as extensive inversion at 52°, the respiration at the 
higher temperatures prevented the increase in reducing sugar from 
exceeding the corresponding increase at 32°. 

Invert sugar decreased at all storage temperatures (fig 11). Inver¬ 
sion in the Oasis rinds was the same as in the Corona and Fontana 
rinds—that is, slight at 32° F. and rapid at 42° and 52°; also the rates 
were very similar at the last two temperatures. 

Naringin increased at all temperatures (fig. 12). This synthesis 
of naringin was most pronounced at 32° F. and least at 52°. 

It has been mentioned that naringin usually decreased in storage in 
the Corona and Fontana grapefruit rinds, and that the decrease was 
greatest at 32° F. The reversal of this entire situation at Oasis will 
be mentioned again, but it may be added here that the average change 
in naringin content of the different Oasis storage collections at all 
temperatures was in general hfincreasing order and that susceptibility 
to storage spotting was in the same but decreasing order with the 
exception of the fifth collection, which spotted nearly as badly as the 
first. The overmature fruit of the fifth collection behaved excep¬ 
tionally in other ways, but the significance of the conditions which 
favor naringin synthesis in the rinds cannot be stated. The actual 
naringin content at the time of picking paralleled the susceptibility 
graph except for the fifth collection, when susceptibility increased 
and naringin decreased. 

Soluble solids increased slightly at 32° F., but decreased at the 
other temperatures (table 7). 
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The active acidity of the rinds always increased in storage, most at 
52° F. and least at 32° (lig. 12). The active acidity of the pulp; juice 
in storage showed little change, but so far as could be noted it was 
downward. 

The flavedo-albedo ratio increased at the two highest tempera¬ 
tures, but decreased at 32° F. These changes in value of the ratio 
seemed to be due mainly to the albedo, which often showed a greater 
versatility in response to different conditions than the flavedo. 

OASIS COMPARED WITH CORONA-FONTANA 

The data presented above deal entirely with the averages of all 
storage collections. Limitations of space prevent the presentation of 
the mass of data that would be required to show the size of deviations 
from the average condition that occurred in the rinds of individual 
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Fiuukf 12 —Effect of storage temperature on hydrolyzable polysaccharides, naringin, and hydrogen ion 
concentration of the rind of Marsh grapefruit from Oasis picked at different times. 

collections or even in separate portions of the rinds in each collection. 
Figures 9 to 12, how e\ er, gh e a general idea of the variations between 
individual collections with respect to the substances represented. 
The first storage collection from each of the three localities showed a 
tendency to respond somewhat differently from the later collections. 
This is thought to have been due to the immaturity of the fruit at 
the time these collections were made, especially the first one at Oasis; 
otherwise a description of the behavior of the rinds of one collection 
would sene for the average of all. This statement is not so true for 
the separate portions of the rinds of individual collections in which 
there w r ere a number of exceptions, but even for these it is true in the 
main. For example, naringm, which usually cannot be expected to 
behave in a very regular manner, not only showed a general tendency 
to be synthesized in the Oasis rinds in storage, but also responded in 
the same w T ay in most of the portions of the rinds of all collections. 
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There were five exceptions in the stem-end rinds, three in the flavedo, 
and one in the albedo for all collections at all temperatures. 

Total sugar in the Oasis rinds at the beginning of storage was about 
7 percent less on a dry-weight basis (actually, not relatively) than in 
the Corona-Font an a rinds. This lower sugar content at Oasis was 
surprising, but the fact was tentatively attributed to the effect of 
conditions accompanying the winter harvest season as compared with 
the summer harvest season at Corona-Fontana. As compared with 
the fruit from the latter location, there was an average of more than 
10 percent less water in the Oasis rinds at the beginning of storage; 
active acidity was also greater, but the naringin content was 1.50 
percent lower. (See tables 6 and 7.) These and other differences in 
the original composition of the rinds may have been responsible for 
the differences subsequently noted in their behavior in storage. 

Possibly the outstanding difference between the fruit from the tw T o 
localities was the decrease of naringin in storage in the Corona- 
Fontana rinds and its corresponding increase in the Oasis rinds. The 
low r er original sugar and naringin content, together with a higher 
active acidity in the Oasis rinds, might have been important factors in 
the observed synthesis of naringin in storage. The positive correla¬ 
tion between naringin content and active acidity was high, especially 
after storage, and this correlation was still higher in the abo\e- 
a^erage ranges of acidity in all collections and under all conditions of 
storage. 

The hydrolyzable polysaccharides increased slightly in the Corona- 
Fontana rinds, but decreased at 42° F., and especially at 32°, in the 
Oasis rinds. 

There were several other differences noted in the chemical responses 
of the grapefruit rinds from the two localities. The variations men¬ 
tioned at least show that such tissues are capable of making opposite 
responses to a given experimental storage treatment and that the 
direction of the response is apparently determined by the internal 
condition of the tissue at the beginning of storage. These and other 
chemical responses recorded emphasize the possible variability of rind 
tissue and help toward a realization of the complexity of the problems 
encountered in the storage of citrus fruit. 

MISCELLANEOUS STORAGE EXPERIMENTS 

During the course of the main storage experiments an opportunity 
was found from time to time to carry out certain minor experiments 
suggested by apparent trends of the incoming data. However, 
because of the time elapsing between collections and the opportunity 
for examination of data frQin them, the larger number of these 
trends were observed too late to follow 7 the leads w ith the same season's 
fruit. The minor experiments undertaken are reported below . 

Transfer of Grapefruit From One Storage Temperature to Another 

At the end of regular storage periods there were often extra lots 
of grapefruit which from time to time were transferred to a different 
temperature and held for further observation. The behavior of the 
rinds under such circumstances, as regards spotting, was sometimes 
rather striking. The previous storage conditions seemed to affect 
greatly the response to a second temperature. Of course this is a 



Vol 52, no 10 


770 Journal of Agricultural Research 

situation quite generally known, but the detuils of such responses 
under given sets of conditions are of considerable interest. The only 
special undertaking by the writers to investigate this phase of the 
storage problem was one small series of storage experiments. 

The grapefruit was collected at North Claremont, Calif., February 
1, 1934, from a tree that belonged to a group previously selected to 
furnish fruit for other phases of the work. Nine lots of fruit were 
picked and placed in storage the same day at temperatures of 32°, 
42°, and . r >2° F. Twenty-two days later all lots were inspected, then 
two lots from eacli storage room were transferred, one to each of the 
other two rooms. After 25 days more a final inspection was made. 
The results of both inspections are presented in table 8. 


Table S. — Effects oftransfer ftnrn oru temperature lo another on spotting of Marsh 
gmpefruit in storage , using fruit grown at Claremont t (\alif . 
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It will he seen that there was very little spotting during the first 
storage period and that nearly all of it occurred at 42° F. No spotting 
was produced on the fruit held through, both storage periods at 52°, 
and very little on the fruit held at 52° for the first storage period and 
then transferred to 42° and 32° for the second period. The fruit 
held at either 42° or 32° for the first period continued to spot after 
it was transferred to 52°. Lot f>, which was changed from 42° to 
32°, fared somewhat the worst. 

Gas Storage of Grapefruit 

In reporting the acidity changes observed in grapefruit rinds during 
storage, attention was called to the fact that in an overwhelming 
proportion of the determinations the active acidity was greatest in 
rinds stored at 42° Fas compared with those at 52° and 32 . Pitting 
and spotting of the rinds was also most prevalent at 42°. Without 
assuming any causal relationship between these two factors, it was 
thought worth while to undertake a few experiments to determine 
the possible effects of some volatile acids and bases and other sub¬ 
stances on the pitting and spotting of grapefruit in storage, on the 
chance that the production of these blemishes might be accelerated 
or retarded, depending on the reaction of the atmosphere surrounding 
the fruit. The results of these experiments are reported below. 

The first experiment was started June 26, 1933. Grapefruit was 
picked from one tree of a selected group at Fontana. Six lots of 
fruit were enclosed in large glass desiccators and held in storage at 
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52°, 42°, and 32° F., there being two lots at each temperature. 
One lot was exposed to the fumes from an acetic acid solution (100 
ml of glacial acetic in 2.5 1 of water); the other was kept over water 
as a check. 

On July 6 the fruit at 42° F. in the acidified chamber showed 
well-defined beginnings of pitting. Two days later pitting and spot¬ 
ting had increased at 42°, but there was none in any of the other lots. 
The final inspection was made July 28, with the following results: 
At 52° there was no pitting or spotting either in the acidified or the 
check lot; at 42° four of the check fruits were slightly pitted, but the 
acidified fruit was all badly pitted around the stem end; at 32° the 
checks showed no pitting or spotting, but the acidified fruit showed 
a few small pits and traces of brown stain or scald. 

The acidified atmosphere seemed clearly to have aggravated the 
pitting of the rinds, especially at 42° F. The pitting or spotting 
which followed acidification of the surrounding atmosphere appeared 
similar to the usual storage pitting and spotting. 

The liydrogen-ion concentration of the rinds of the six lots was 
determined after the gross inspection. Of the three check lots, that 
from 42° F. showed the highest active acidity. The acidified lot at 
42° gave approximately the same value, but the acidified lots at 52° 
and 32° were higher in acidity than their corresponding check lots, 
but not so high as either of the 42° lots. 

A second gas-storage experiment was started July 28, 1933. The 
fruit was from the tree used in the first experiment, and in all other 
respects this experiment was a duplicate of the first. 

By August 3 all acidified fruit held at 42° F. had begun to pit. 
No other lots were yet affected. On August 5 the acidified lot at 
32° showed slight pitting, and the pitting had increased at 42°. 
Final inspection was made September 19. At 52° the check lot was 
firm and sound, but all the fruit of the acidified lot was badly pitted 
and spotted; at 42° nearly all the check lot was slightly pitted, but 
the acidified lot was entirely and very severely pitted and spotted; 
at 32° one check fruit was slightly pitted, but the acidified fruit was 
all severely pitted, although not so severely as at 42°. All the check 
fruit from 32° pitted and spotted severely within 24 hours after 
removal from storage. The general results of this second experiment 
were practically the same as those of the first. 

A third gas-storage experiment was started August 10, 1933. 
The chambers used were earthenware jars of 3-gallon capacity. 
Panes of glass sealed tightly to the tops of the jars by means of 
modeling clay served as covers. The fruit was from the same 
source and the storage temperatures were the same as in the preceding 
gas-storage experiments. TTiere were 10 lots which received the 
following treatments: 3 check lots over water only; 3 lots over acetic 
acid solutions (same strength as before); 3 lots over dilute ammonia 
solution (5 ml of 28-percent NH 3 in 2.5 1 of water); and 1 lot over a 
6-porcent ethyl alcohol solution. This last lot was stored at 42° F., 
and the others were distributed among the three storage temperatures. 
By August 21 the ammonified lots showed discolorations as a result 
of the too high concentration of ammonia, and the fruit was removed 
from these chambers and replaced with fresh fruit. The ammonia solu¬ 
tion was then diluted to one-tenth its previous concentration. By 

71648—30-4 
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August 23 the acidified fruit at 42° and 52° had begun to pit. No 
other lots up to this time were affected. 

The final inspection was made September 19, with the following 
results. At 52° F.: Check lot, one fruit slightly pitted; ammonified 
lot, all sound; acidified lot, all severely pitted and spotted. At 42°: 
Check lot, one fruit severely spotted; ammonified lot, four fruits 
slightly pitted; acidified lot, all fruits severely pitted and spotted; 
alcohol lot, four fruits slightly pitted. At 32°: Check lot, all sound; 
ammonified lot, all sound; acidified lot, all slightly to severely pitted 
or spotted. 

The hydrogen-ion concentration of the rinds was determined after 
inspection. All lots were most acid at 42° F. The order of increasing 
acidity at every temperature was (1) ammonified, (2) checks, and 
(3) acidified. At 42° the lot over alcohol was the least acid of all 
at that temperature. 

A fourth gas-stoiage experiment was started September 21, 1933. 
The grapefruit came from one of a group of selected trees near 
Corona. The arrangement of the different lots was the same as in 
the third experiment, except that there were nine chandlers and 25- 
percent ethyl alcohol replaced the ammonia solution m the three 
corresponding lots. 

On September 20 the fruit in the acidified lots at all temperatures 
had pitted, slightly at 32° F. but severely at the other temperatures. 
The acidified fruit was then removed from the three chambers, the 
acid solution replaced with ammonia solution (0.5 ml of 28-percent 
NH 3 solution in 2.5 1. of water), and fresh grapefruit was added. Final 
inspection was made November 10. It should be noted that the 
ammonified lots were in storage 5 days less than the others. The 
results of the inspection placed the lots in the following order as 
regards increasing amounts of pitting and spotting and other storage 
blemishes: 52°, chock; 52°, ammonified; 42°, alcohol; and 42°, 
ammonified. The check and the lot over alcohol at 52° were in 
perfectly sound condition and the 42° ammonified lot was rather 
severely pitted and spotted. 

The results of the foregoing experiments on grapefruit in atmos¬ 
pheres to which considerable quantities of certain substances had 
been added indicate that acetic acid accelerated and enhanced 
pitting or spotting, and that alcohol and very dilute ammonia re¬ 
tarded it. Alcohol seemed also to have retarded the development of 
yellow color in storage. The experiments were not extensive enough 
to allow a determination of optimum concentration of ammonia or 
alcohol, and further work on the problem might be justified. 

Nelson ( 19) reported the results of experiments in which he enclosed 
oranges and grapefruit in jars with various organic chemicals, includ¬ 
ing a number of aldehydes, esters, and alcohols. In other experiments* 
by various means he excluded oxygen from the fruit. Many of these 
treatments produced injuries to the rinds that resembled closely those 
which appear commonly in storage. The results of such tests and 
of those reported in this paper have no necessary connection with 
storage pitting and spotting. They do, however, demonstrate that 
if a cell, or an island of cells, of citrus rind is injured by almost any 
means, the manifestations of that injury are likely to resemble the 
blemishes which occur “naturally ’ 1 in storage. The writers, in an 
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experiment with Valencia oranges, used 15 organic chemicals of the 
anesthetic type. The apparently characteristic types of storage 
injuries frequently occurred in the various lots, and in several in¬ 
stances (e. g., with ethyl chloride, ammonium thiocyanate, and ether) 
single lots exhibited almost the entire gamut of the common types 
of storage injuries. 

Permeability 

It seemed desirable to secure some idea of the relative permeability 
of grapefruit-rind tissue as affected by different temperatures and 
treatments. Some simple experiments were accordingly conducted. 
These were not designed to be critical permeability experiments, and 
perhaps the word “permeability” is inappropriate; the results ob¬ 
tained, however, seemed to indicate some definite effects of temperature 
on the integrity of rind tissue. 

The first permeability study was made September 19, 1933, the 
fruit used being representative of each lot from the third gas-storage 
experiment after the final inspection. The stem-end rinds were taken 
for pll determinations and the blossom-end rinds for the permeability 
test. The albedo and fiavedo of each storage lot were separated 
from each other, 75-g samples of each were weighed out, and then 
recombined. The resulting 15()-g lots of fresh tissue were rinsed with 
distilled water and transferred to 1-liter Erlenmeyer flasks, and 750 
ml of distilled water was added. The flasks were then placed upon 
a turntable which in revolving gently jolted and stirred the samples. 
The average temperature during the period of the experiment was 
about 70° F. After 24 hours the water was poured ofT through 
cheesecloth into 1-liter volumetric flasks and made up to volume. 
Then 900 ml from each flask were transferred to beakers and placed 
on a water bath to reduce the volume of the sample. Later these 
samples were transferred to evaporating dishes to complete evapora¬ 
tion and for final weighing. The fiavedo and albedo tissues remaining 
in the flasks were discarded. After the weights of the solids which 
had exosmosed from each lot of tissue had been obtained, the solids 
were redissolved in water and made up to 1 liter for the determination 
of reducing sugar. 


Table 9. —Total solids and reducing sugars exosmosed from 150 g of living Marsh 
grapefruit rind after storage at different temperatures and atmospheres 


52., 

42. 


torape tem- 
j>erature 
(° F.) 

Treatment 

Total 

solids 

Reduc- 

inp 

supar 

Storape tem¬ 
perature 
<° F.) 


(Normal. 

Basic__ 

Grams* 
11.33 
10.95 

Grains 

1.96 

1.65 

«.{ 


Acidic.. 

/Normal.___ 

10 . 02 
12. 27 

1.68 

2.31 



[Basic. 

11.53 

1.89 

_ 1 


Treatment 

Total 
solids ■ 

Reduo- 

inp 

supar 

fAcIdic__ 

Grams 
11.37 
11.85 
12.74 
11.95 
11.82 

Grams 

1.86 

1.71 

1.98 

1.47 

1.68 

A Ipnhnlfp . 

[Normal_ 

Basic. 

A r*iH in 



The results of the two operations described above are presented in 
table 9. The rinds from the 42° F. storage appeared to be the most 
permeable to reducing sugar, but the amount of total solids exosmosed 
was greatest from the 32° and least from the 52° storage tissue. 
The check lots seemed to have been most permeable to both reducing 
sugar and total soluble solids at all temperatures. The relative 
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positions of the various lots at each temperature do not seem definite 
enough for comment. This permeability test dealt with more factors 
than is usual in such experiments; particularly since the lots used had 
been held at various temperatures, so that there were differences 
among them in chemical composition aside from any permeability 
differences that may have been caused by differences in temperature. 

A second permeability experiment was started October 27, 1933, 
with grapefruit from Corona and Fontana, which was picked on 
September 12 and 14, respectively. In the intervening time this 
fruit had been stored at 52°, 42°, and 32° F. The stem-end rinds 
only were used. The flavedo and albedo were separated, and 150 
g of each constituted the samples, of which there were 12 (2 localities, 
3 temperatures, and 2 portions of the rind). The samples were rinsed 
with distilled water. They were run on a turntable continuously for 
68 hours at an average temperature of about 70°. After the jolting 
and stirring the solutions were filtered off. The amount of solution 
recovered from the tissues varied with the sample. The amount of 
water required to make the filtrates up to their original volume was 
always greater for the albedo than for the flavedo tissue, greatest for 
the 52° tissue and least for the 32°, and greater for the Corona than 
for the Fontana rinds. 

The filtrates were evaporated to dryness and the amount of total 
soluble solids determined. The results are presented in table 10 
It wdll be seen that the apparent permeability of the flavedo was 
greater than that of the albedo. It may have been, however, that 
the greater mo\ement of water into the albedo tissue during the 
experiment tended to decrease the rate of diffusion of the solutes 
outward. The permeability, as regards total soluble solids, was 
again greatest at 32° F. and least at 52° for all situations except 
possibly one in the Fontana albedo. 


Table 10- -Total solids (rosmosed by the flavedo and the albtdo of 150 g of living 
Marsh grapi fruit rinds aflu stoiagc at different tirnpnaturn s 


Storage temperature (° Jb ) 

Corona 

Fontana 

| Flav edu 

Albedo 

Fln\ edo 

Albedo 

52.. _ .... 

42. 

32.. . 

Grams 

0 50 
o os 

7 20 | 

Oram* 

5 30 

5 68 

0 61 

Grams 

7 47 

8 28 | 
9 78 

Grams 

5 59 

5 52 

6 99 


The third permeability experiment was started January 18, 1934, 
w r ith grapefruit from Oasis, which was picked December 11, 1933, and 
placed in storage at 52°, 42°, and 32° F., where it remained until 
January 17. The rinds of the three storage lots were separated into 
stem-end flavedo, blossom-end flavedo, stem-end albedo, and blossom- 
end albedo. This division gave a total of 12 different samples of 
150 g each. The samples were rinsed in water, transferred to 1-liter 
Erlenmeyer flasks, and 650 ml of distilled w r ater w r as added. The 
flasks were then taken to a storage room in which the average tem¬ 
perature was about 34°. Into each flask w as placed a glass tube which 
reached to the bottom, w r hile the other end w*is connected by rubber 
tubing to a manifold having 12 outlets. The manifold was then 
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connected through a pressure-reducing valve to one of the com¬ 
pressed-air lines of the ice plant. Air was released from each outlet 
at the rate of about 5 1 per hour. The bubbles of air rising through 
the tissue and solution in the flasks kept the samples both aerated 
and stirred. The decrease in volume of solution in the flasks, due to 
evaporation and absorption by the tissue, was made up to mark from 
time to time by additions of distilled water. 

The experiment ran continuously until January 28, when the flasks 
were brought into the laboratory. The solutions were filtered off into 
1-liter volumetric flasks and made up to volume. A 100-ml portion 
was taken from each flask for determination of reducing sugar and 
the remainder was used for total solids. 

When the rind portions were removed from the flasks after the 
solutions had been poured -off, they were moist-dried between filter 
paper and reweighed. The gain in weight of the tissue over the 
original 150 g plus the weight of the total solids exosmosed gave the 
amount of water absorbed by each lot during the experiment. 

The results of the third permeability experiment are presented in 
table 11. The data show that the loss of reducing sugar and total 
soluble solids increased as the storage temperature was lowered. 
The amount of water absorbed by the flavedo tissue was in the same 
direction, but even more strongly marked. The absorption of water 
by the albedo did not vary much with the previous temperature 
treatment, although the total amount was nearly 10 times that 
absorbed by the flavedo. There seemed to be a somewhat greater 
permeability shown by the blossom-end flavedo and the stem-end 
albedo. Klotz and Haas ( 10 ) found a greater general permeability 
at the stem end of grapefruit. It has been shown that at the close of 
the storage period of the fruit used in these permeability tests the 
reducing sugar was considerably more abundant in the rinds held at 
52° and 42° F. than in those held at 32°. Yet these last rinds sub¬ 
sequently lost more reducing sugar during the permeability tests than 
the 42° and 52° lots, thus indicating even more strongly that the 
greater permeability indicated at 32° was real. 


Table 11. —Total solids and reducing sugar exosmosed from, and amount of water 
absorbed by, stem - and blossom-end flavedo and albedo of 150 g of living Marsh 
grapefruit rinds after storage at different temperatures 


End 

Storage 

temper¬ 

ature 

Reducing sugar 
from - 

Total solids 
from — 

Water absorbed 
by- 

Flavedo 

1 

Albedo 

Flavedo 

Albedo 

Grams 

9.20 

Flavedo 

Albedo 

Grams 

171 

178 

Stem. 

Blossom_ 

op A 

} 52 { 

Grams 

1.29 

1.37 

Grams 

1.13 

Grams 
10.70 
11.27 

Grams 

28.9 

28.5 

Average. 



1.33 

1.13 | 

10 99 

9.20 

28.7 

175 

Stem.. . . .. 



1.45 


10.72 

30.0 

167 

Blossom. 

J 42 { 

1.70 

1.33 

12 27 

9.78 

31.6 

195 

Average . 


1.70 

1.39 

12.27 

10.26 

30.8 

181 

Stem . 

X 'jo J 

1.85 

1.67 

14.37 

12.10 

35.7 

170 

Blossom. 

; 32 i 

1.95 

• 1.54 

14. 55 

9.91 

33.1 

184 

Average . 


1.1*0 

1.61 

14.46 

11.01 

34.4 

177 
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From these experiments as a whole, the conclusion is drawn that 
the permeability of the cells of grapefruit rinds to their own soluble 
constituents increased as the storage temperature was lowered. 
These findings are in agreement with those reported by Pantanelli ( 20 ) 
for endocarp tissue of the mandarin orange, although he worked at 
considerably lower temperatures. The increased permeability with 
the lowering of storage temperature might easily have an important 
bearing on the breaking down of fruit tissue in cold storage. The 
resulting increased ease of migration of certain harmful byproducts 
of metabolism through the tissue could allow the initiation of abnormal 
and injurious reactions. 

Earlier in tliis paper the Corona-Fontana and the Oasis rinds were 
compared in respect to the behavior of naringin in storage. In the 
former rinds naringin was hydrolyzed, and in the latter synthesized, 
in storage. Both the hydrolysis and the synthesis were greatest at 
32° F. The reasons for this latter situation are not apparent. It is 
possible, however, that the increased permeability found at the lower 
temperatures might have been partly responsible for it by permitting 
a more intimate association between the particular glucosidase and 
naringin. The increased permeability might thus offset file normal 
lowering of the activity of the enzyme, and so cause at 32° a more 
rapid hydrolysis or synthesis of naringin as the balance favored one 
or the other reaction. 

COM)U< TIVIT1 

When it was learned that the permeability of grapefruit rinds in¬ 
creased as the storage temperature was lowered it seemed desirable to 
determine what changes might take place in the conductivity of rinds 
under similar circumstances. Accordingly, a number of tests were 
carried out with grapefruit rinds from storage samples and from 
samples picked for immediate study. The instrument used was a 
Leeds and Northrup student potentiometer equipped for conductivity 
measurements, consisting of a microphon hummer, telephone re¬ 
ceivers, and a conductivity cell of the dip type. 

The first attempts were directed toward the measurement of the 
conductivity of the rinds in situ, but the results were so extremely 
variable that the method was abandoned. Subsequently the measure¬ 
ments were made on juice expressed from the rinds by using the dip 
type conductivity cell previously mentioned. The variability of the 
results was still too great to allows any conclusions except of the most 
general sort. The total range of resistance of the rind juices, as 
recorded from about 200 determinations, made with the same cell at 
22° C\, was 150 to 515 ohms. The range in any one storage series 
was usually less than 50 ohms. The trends shown by the data are 
presented below\ 

(1) The earlier determinations seemed to show that the lower the 
storage temperature, the greater was the conductivity, but so many 
exceptions w^ere later found that this conclusion did not appear to be 
justified. 

(2) The difference in conductivity between stem-and blossom-end 
rinds was very slight. The total average resistance of all such de¬ 
terminations of the rinds of field samples taken for immediate study 
gave 339 and 330 ohms for the stem and blossom ends, respectively. 
Thus, there was a doubtful tendency toward* higher conductivity at 
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the blossom end. When the results of corresponding determinations 
on the storage samples were examined, the situation regarding stem 
and blossom ends was found to be reversed; that is to say, the stem-end 
rinds showed the higher conductivity. 

(3) In all instances recorded the flavedo showed a higher conduc¬ 
tivity than the albedo, but the difference was less in the storage 
samples. This situation may help to explain the apparent reversal of 
conductivity of the stem- and blossom-end rinds in storage, since the 
stem-end rind had a larger proportion of albedo. 

Pectin Determinations 

In order to determine whether there is any relation between grape¬ 
fruit spotting and the condition of the pectic substances of the rind, 
a preliminary set of determinations was made on fruit which had 
been held in storage. 

The method used was developed from that given by Carr6 ($), and 
Carr6 and Haynes (4), and modilied by Haller (70), Rosa (21), and 
Conrad ((>). 

Fruit was collected on June 15, 1934, from previously selected trees 
and divided into three equal lots for storage at 30°, 42°, and 52° F. 
It was removed on July 24 for the determination of pectic substances. 
At that time all the fruit at 36° was severely spotted; all at 42° was 
slightly spotted; and all at 52° was sound. The pectic contents of 
the stem-end rind are given in table 12. 

Table 12. — Pectic content of the Flavedo and albedo of rinds of Marsh grapefruit 
grown at Claremont, Calif., and stored 39 days at different temperatures 


[Figures are in percentage calculated as calcium jiectate on fresh-weight basis] 


Substance determined 

30° F. 

42° F. 

52 c F. 

Flavedo 

Albedo 

Flavedo 

Albedo 

Flavedo 

Albedo 

Soluble poetic acid.Percent.. 

Soluble pectin_-_do_ 

0.0 

.24 

0 

2 31 

0.0 

.72 

0 

1.71 

0.0 

.40 

0 

2.56 

0.0 

.84 

0 

1.90 

0.0 

.28 

0 

2.44 

0.0 

.68 

0 

2.01 

Insoluble pectic acid.do__. 

Protopoetin.do .. 

Total.do 

Protopectin. pectin..ratio.. 

2. 55 

2.43 

2.96 

2. 74 

2.72 

2.09 

9.6 

2.4 

6.4 

2.3 

| 8.7 

3.0 


Soluble pectin was always higher in the albedo, and protopectin 
in the flavedo, the total pectic content being slightly liigher m the 
flavedo. No pectic acid, either soluble or insoluble, was found in 
any sample. The ratio of protopectin to pectin was always higher 
in'the flavedo than in the albedo, the average being 8.2 and 2.6, 
respectively. 

There was no correlation between pectin content and temperature, 
on the one hand, and spotting of the fruit on the other. However, 
the soluble pectin content of the fruit held at 42° F. was higher, both 
in the flavedo and the albedo, than in that held at the other tem¬ 
peratures; tliis brought about a lowering of the ratio of protopectin 
to pectin (in the combined flavedo and albedo) to an average of 4.4 
at 42° as compared with 6 and 5.9 at 36° and 52°, respectively. The 
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most serious spotting lias generally occurred at 42°. More work 
needs to be done to determine whether there is any definite relation¬ 
ship between spotting and the condition of the pectic contents of 
the rind. 

Bub feu System 

The frequent tendency of the rind of grapefruit stored at 42° F. 
to be higher in active acidity than that stored at a higher or lower 
temperature suggested the tlesirability ol determining whether the 
different temperatures had different effects on the buffer system. 

The lruit used for this experiment w T as collected at Claremont on 
June If), 1931, and various lots w T ere stored at 3G°, 42°, and 52° F 
At the end of f> weeks all the fruit at 30° was severely spotted, that 
at f2° was slightly spotted, and that at 52° was sound. Only the 
stem-end rind was used. 



The method used was as follows- The fruit was peeled and the 
flavedo and albedo were separated. The rind was ground in a food 
chopper equipped with a nut-butter attachment. A 10-g sample 
vas weighed out and 50 ml of water added and the mixture stirred 
well. Quinhvdrone was then added and the mixture stirred again 
hy moans of a mechanical stirrer for 1.5 minutes before the initial 
reading on the potentiometer was made. The stirring apparatus 
consisted of two parts, one a glass paddle immersed in the liquid and 
constantly turning and the other a small turntable upon which the 
beaker was placed. In this manner the entire contents of the beaker 
were kept in continuous motion while the acid or base was being 
added and the readings were being made. The paddle and turntable 
were turned by means of a small electric motor. The high viscosity 
of the material used necessitated such an arrangement in order to 
get a uniform mixing of the acid or base after each addition. 

Immediately after the first reading was taken 0.1 ml of normal 
acid or base was added. The whole was allowed to mix 1.5 minutes 



May is, 1936 Changes in Co mposition of Rind of Marsh Grapefruit 779 


before determining the resulting pH. This procedure was repeated 
with the base till ft pH value of about 7 was attained. When acid 
was used, 0.1 =ml portions were added till 0.5 ml had been added, 
after which 0.5-ml portions w r ere added and later 1.0-ml portions, 
until about pH 1.5 was reached. 

In order to attain pH 1.5 it was necessary to add about 4 5 ml of 
normal hydrochloric acid to both the flavedo and albedo from all 
the temperatures. After this amount of acid had been added the 
pH of the flavedo w r as 1.50 in rind from the 30° F. storage, 1.51 in 
that from the 42°, and 1.50 in that flora the 52°. The corresponding 
pH values of the albedo were 1.44, 1.43, and 1.42, respectively. This 
shows no change in the buffer system brought about by differences in 


storage temperatures. The titration curves are given in figure 13. 

A rapid drop in pH oc- *_____ 

curred on the addition of 
the first few tenths of a 
milliliter of normal acid .la ■ 

order to see whether there 6 \ ‘ — 

might lie differences in this l 
range too small to be ob- \ 

sened witli the eoneentra- a --- 

tion of acid used, another xw, 

series of titrations was car- * 

ried through. One-tenth \__ 

normal li 3 T drochloric acid 
was used and the same 

quantities per reading were ^****«* J<ttt ^ 

added as before. Only the J --- 

albedo w r as tested. No im¬ 
portant differences weie 

observed between the rinds 2 L-- 1 -1-1 - 

held at the different tern- 0 / /vo#*al hci catu 


peratures. During the ad¬ 
dition of the first 0.0 ml the 
pH of the three rinds drop¬ 
ped at the same rate (fig. 


Fk»i re 14 —pH of the albedo of the rinds of Marsh grapefruit 
from Claremont, Calif, after 5 weeks’ storage at 30°, 42°, and 
52° F, after addition of various quantities of N/10 HCl 
Ton grams of freshly ground tissue m 50 ml of water was 
titrated with N/10 HCl as indicated 


14). .From then until 1 nil had been added the drop in the pH of 
the rind stored at 30° F. was most rapid, next in that held at 52°, 
and smallest in that held at 42°, indicating the strongest buffer in the 
material from 42°. At this time the pH attained was 4.78, 4.85, and 
4.93, respectively. These relative positions were maintained with 
gradually diminishing difl'erenecs until 10 ml had been added, when 


the pH values were 2.91, 2.91, and 2.94, respectively. At no time 
was there any indication of a destruction of any part of the buffer 
system during storage at a temperature of 42°. The titration curves 
with 0.1 normal acid are shown in figure 14. 

A repetition of this experiment with fruit from Corona and Fontana 
hold at the same temperatures gave similar results. However, with 
the Corona and Fontana fruit an average of 3.8 ml normal acid was 
required to bring 10 g of the albedo to pH 1.5, and 5.6 ml for the 
flavedo. This compares with 4.5 ml for each flavedo and albedo 
sample from the Claremont fruit. 
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Injection Experiments 


Tests were made to determine the effects of certain substances, 
principally naringin and naringenin, when injected into living grape¬ 
fruit rinds. 

On October 23, 1933, a few grapefruit were set aside from a storage 
lot which was being preserved for chemical analysis. A 0.5-percent 
solution of naringenin, the phenolic derivative of naringin, was made 
up in 5-percent alcohol. Each grapefruit was given three injections 
of 1 ml of this solution by means of a hypodermic needle thrust diag¬ 
onally beneath the flavedo layer. The mjected fruit was left in the 
laboratory for 24 hours. On dissection, some of the fruit showed a 
very slight discoloration in the vicinity of the injection. The re¬ 
mainder of the fruit was taken to a cold room and left at —15° F. for 
24 hours, and then brought back into the laboratory and thawed 
rapidly. When the injected regions were cut across, a pink color was 
noticed. From time to time it had been noted that the albedo of 
fruit which had been held in storage at 42° often showed considerable 
pink color after being frozen in the hardening room'in preparation 
for pH determinations. This pink color had not been noticed at 32° 
or 52° and its appearanco now in association with naringenin was 
considered very interesting. 

In a second injection experiment the following solutions were used - 
(1) 1-percent solution of naringin in 5-percent alcohol; (2) 1-percent 
solution of naringenin in 5-percent alcohol; and (3) 5 percent of 
alcohol in water. The fruit was from Corona and Fontana and had 
been kept for 4 weeks at 52°, 42°, and 32° F. There were four fruits 
of each lot and each fruit was injected with 1 ml of each of the three 
solutions named. After injection they were loft in the laboratory for 
40 hours and then frozen for 24 hours at —15°. 

An examination of the fruits after they had thawed showed no 
coloration around any of the injections in the 32° F. lots. All of the 
42° lots showed a pink color around the naringenin injection. At 52° 
the Fontana lot show r ed one case of pink color for the naringenin 
solution. No other solutions produced the pink color. 

On November 20, 1933, 27 grapefruit freshly picked at Oasis were 
injected and stored at 32°, 42°, and 52° F. for 12 days. The solutions 
used were 0.1 percent of naringin, 0.1 percent of naringenin in 5- 
percent alcohol, and 5-percent of alcohol as a control. Injury was 
evident earlier in the lots kept at 32° and 42°. By the close of the 
period all naringenin injections at all temperatures had caused serious 
injury in the form of discolored depressions 1 to 2.5 cm across. There 
were four traces of injury from 27 injections of the naringin solution 
but none with the control 5-percent alcohol solution. In general, the 
injuries were most severe at 42°. 

A fourth injection experiment was started on January 20, 1934, 
with fruit that had been freshly picked at Claremont. Each fruit was 
injected with 2 ml of each of five solutions, as follows: (1) Control, 5- 
percent of alcohol; (2) 0.1 percent of naringin in 5-percent alcohol; 
(3) 0.1 percent of naringenin in 5-percent alcohol; (4) 0.028 percent of 
naringenin in distilled water; and (5) ferric chloride solution (2 drops 
of 50-percent solution to 100 ml of w r ater). 
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Within 4 days the fruits injected with solution no. 3 showed injury 
at all three storage temperatures and solution no. 5 had caused aark 
depressions. An inspection on January 29 gave the following results: 
For solution no. 1, no injury evident; solution no. 2, no injury (all 
injections appeared exactly like the controls); solution no. 3, depres¬ 
sions and other evidences of injury around every injection (depressions 
smaller at 32° F.); solution no. 4, some injury, particularly lack of 
firmness around injections; and solution no. 5, darkening present in all 
cases. The darkening seemed to be mostly the characteristic reaction 
of ferric chloride with tho naringin occurring naturally within the 
tissue. 

The appearance of the injected areas is shown in plate 2, A , B. 
A is a photograph of two fruits taken at random from the injected 
lots shortly after inspection and removal from storage. The 0.1- 
percent naringenin injections are facing forward in each case. The 
0.1-percent naringin injections are to the left, and the 0.028-percent 
naringenin injections are to the right. The crayon circles on the 
fruits were in different colors to aid identification of solutions. Plate 
2, B y is a photograph of the same fruit shown in A but taken after the 
fruit had remained at room temperature for 24 hours. The photograph 
shows how the naringenin depressions had darkened and become more 
severe. 

A fifth injection experiment was planned to test further the effects 
of naringenin solutions of various strengths. The fruit used was 
from Claremont and had been in storage at 32°, 42°, and 52° F. for 
26 days. Five fruits were selected for each experiment, and each 
fruit was injected with 2 ml of the following solutions: (1) Check, 5- 
percent alcohol; (2) 0.1 percent of naringenin in 5-percent alcohol; 
(3) 0.05 percent of naringenin in 5-percent alcohol; (4) 0.01 percent 
of naringenin in 5-percent alcohol; (5) 0.005 percent of naringenin 
in 5-percent alcohol. After injection tho fruit was returned to 
the respective storage rooms. Inspection in 2 weeks gave the 
following results: At 32° all five fruits injected with solution no. 3 
showed sunken and darkened areas and two injected with solution 
no. 4 also were injured. All others were sound. Numerically the 
effects were the same at 42° and 52°, but the degree of injury was 
greatest at 32° and about the same at 42° and 52°. 

A sixth experimental injection was made on fruit selected from the 
same trees as for the fifth experiment. In the sixth experiment, how¬ 
ever, the fruit was injected on the day of picking instead of after a 
period in storage. The injections were like those in the fifth experi¬ 
ment, and after injection the fruits were placed at the three tempera¬ 
tures previously used. Inspection was made after 2 weeks. At 32® 
F. all five fruits injected with solution no. 3 were badly affected, as 
were two of those injected with solution no. 4. No others were af¬ 
fected. At 52° there was no injury from solution no. 4. At 42° the 
results were numerically the same as at 32°. The relative severity 
of injury at the different temperatures was in decreasing order at 
42°, 32°, and 52°. 

SPECIFIC TESTS 

In the injection experiments described above no attempt was made 
to keep the fruit from the different trees separate. The fruit from 
each picking was placed in one general lot before injection, the divi- 
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sion being made later for storage at different temperatures. It was 
noted that certain fruit in the injected lots escaped, or almost escaped, 
being affected by the naringenin in solutions. Because of the possi¬ 
bility that these manifest differences in susceptibility might be 
partly the result of differences in individual trees, all further injec¬ 
tion tests were made with fruit of definitely known origin. 

On February 16, 1934, 15 fruits from each of the 3 trees at Clare¬ 
mont were injected with 0.05-percent, 0.025-percent, and 0.01-per- 
cent naringenin solutions. After injection the lots were separated 
and placed at the three usual storage temperatures. In 4 days 
inspection indicated (1) that injury was most abundant and severe 
at 42° F., and (2) that the fruit from tree no. 2 was least injured and 
that from tree no. 3 most injured. 

On February 27 fruit was collected from the same three trees at 
Claremont. One set was used for the injection test and another for 
storage at the three temperatures. The injection solutions were 
0.03 and 0.015 percent of naringenin. After 5 days’ storage, inspec¬ 
tion showed that the injuries around the injections were most severe 
at 42° F. and that the fruit from tree no. 2 showed least and that 
from tree no. 3 most injury. 

The uninjected lots which had been placed in storage were in¬ 
spected for storage spots about 5 weeks later. There was only a trace 
of spotting at 52° F., but all fruits at 42° and 32° were slightly spotted. 
The least se\ere spotting at the last temperatures occurred on the 
fruit from tree no. 2. 

These injection and storage tests were repeated on fruit from the 
same trees lour more times, on March 19, March 31, May 5, and 
May 18, and each injected lot was held for 5 days at 42° F. The 
injection tests in every case showed least injury to fruit from tree 
no. 2 and most injury to fruit from tree no. 3. In the storage tests 
the fruit from tree no. 2 always showed the least severe spotting, 
but that from trees nos. 1 and 3 alternated their order in being most 
severely affected. 

In tiio tests started March 19 and March 31, fruit from 7 addi¬ 
tional trees was collected and injected, together with that from the 
original 3 trees, and held for 5 days at 42° F. In the first test with 
fruit from these 10 trees, the three lots least affected by the injec¬ 
tions were from trees 2, 4, and 6; those most affected were from 
trees 9, 8, and 10. In the second test the lots least affected were 
from trees 4, 5, and 6, and those most affected were from trees 9, 1, 
and 10. 

Similar injection experiments were conducted at about the same 
time with fruit from selected trees at Oasis. The results need not be 
described in detail, since they were in general similar to those secured 
from the experiments with fruit from Claremont. Both series of 
tests showed that susceptibility to injury from injections of narin- 
genin varied from tree to tree, but persisted in the same relative 
degree in fruit from the same tree throughout the period of the tests. 

DISCUSSION 

The results of all the injection tests with grapefruit show that 
naringenin is extremely toxic to rind tissue. Except in the early 
tests the strongest solution used was 4).03 percent, but even the 
0.015-percent solution was much stronger than was necessary for 
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the most susceptible fruit. When the 0.015-percent solution was 
used, each injection consisted of only 0.3 mg of naringenin. This 
amount when injected into the albedo produced sunken and dis¬ 
colored areas 2 cm or more in diameter. Slight injury was caused 
by 0.05 mg of naringenin. On the other hand, naringin was only 
slightly toxic to rind tissue. Thirty to fifty milligrams of naringin 
have been injected into grapefruit rinds without injuring them. 
The injuries caused by naringenin are frequently very similar to the 
common storage spot, both in shape and color, as plate 2, C , shows. 
These fruits had been injected with 0.6 and 0.3 mg of naringenin 
2 weeks earlier and held at 42° F. Discolored spots were produced 
by both quantities of naringenin. 

The conclusion is not drawn, from the effect of naringenin on rinds 
recorded above, that this substance must be the principal cause of 
certain storage spots; it does seem very probable, however, that 
grave injury to the rind would result from any metabolic disturb¬ 
ance that would either retard the synthesis of naringin from any 
naringenin present or hinder the rapid disposal of this derivative as 
freed by hydrolysis. Zoller (24), in his study of naringin, pointed 
out the possible danger of naringenin to the tissue and suggested 
that certain pink spots might have been caused by it. In the present 
experiments it has been shown that naringenin is not only very 
effective in producing the more common sunken and discolored spots, 
but also that it produces a pink color in the albedo, which appears 
to be identical with that developing in uninjected rinds held at 42° F. 
and subsequently frozen. 

In general, the naringenin injuries were most severe when the 
fruit was held at 42° F. for a few days after injection. It is an inter¬ 
esting fact that naringenin was most effective in causing spotting at 
temperatures that give the greatest amount of common storage 
spotting. If an extremely delicate and specific microchemical test 
for naringenin were available some relation between this substance 
and storage spotting might be established. So far all the micro¬ 
chemical reactions of naringin and naringenin have been found to be 
the same. 

Other considerations arise from the results of the specific injection 
experiment in which the fruit of each tree was treated separately. 
There was a difference in susceptibility to naringenin injury in differ¬ 
ent fruits and there also seemed to be some consistency in the ap¬ 
parent susceptibility of fruit from different trees. In some instances 
this susceptibility to naringenin injury seemed to be correlated with 
the amount of storage spotting of fruit from tfic same trees. The 
susceptibility to naringenin injury seemed to vary with the stage of 
maturity in somewhat the same way as the tendency to spot in storage. 

SUMMARY 

Results are presented of two series of studies of the changes that 
take place in the rind of Marsh grapefruit, one in the field, the other 
in storage. One of the field studies was carried out during the sum¬ 
mer of 1933 in the general district that includes Fontana and Corona, 
Calif., and the other during the winter of 1933-34 in a single locality 
near Oasis, Calif. These localities represent two important climatic 
districts concerned in the production of grapefruit. 
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Seasonal changes in the chemical composition of the rind from the 
three localities were as follows: (1) Water content showed a slight 
seasonal trend upward in all three localities. (2) The flavedo-albedo 
ratio at Fontana and Corona increased slowly to July 23 and then 
fell below the values found at the beginning of the season. The 
average ratios were 0.71 and 0.77, respectively. At Oasis the ratio 
fluctuated with weather conditions, the average being 0.81. (3) 

Soluble solids increased throughout the season in all three localities, 
except for a slight falling off at the last collection at Fontana and 
Corona. (4) Total sugar at Fontana and Corona increased steadily 
to July 23, then decreased; the graphs for total sugar paralleled 
those for mean air temperature. At Oasis total sugar tended to 
increase through the season. (5) Invert sugar at Fontana and 
Corona increased to July 23, then decreased. At Oasis it did not 
change significantly until after the third collection, when it increased. 
The invert-sugar graph paralleled the mean air-temperature graph 
at Oasis and at Fontana and Corona. (6) The graphs for reducing 
sugar at Fontana, Corona, and Oasis were somewhat the inverse of 
the mean-temperature graphs. (7) Naringin decreased in general 
through the season at all localities, but there were nuctuations due 
to local conditions. (8) Hydrolyzable polysaccharides showed a 
steady relative decrease through the season at all localities. (9) 
Hydrogen-ion concentration of the rind showed only a slight seasonal 
drop at all localities and that of the pulp juice changed still less. 

When the stein-end and blossom-end rinds were compared the 
following differences were found: (1) At Fontana and Corona the 
stem-end rind had more water, reducing sugar, invert sugar, and 
soluble solids than did the blossom end. The latter was higher 
in hydrolyzable polysaccharides and hydrogen-ion concentration. 
Naringin and the flavedo-albedo ratio were practically the same in 
both ends. (2) At Oasis the average differences between the stem 
ends and blossom ends were very slight except in invert sugar, in 
which the blossom-end value was significantly higher. 

In a comparison of the flavedo and albedo it was showm that (1) 
the differences between flavedo and albedo tissues were smaller in 
the grapefruit rind than in the orange rind; (2) the differences were 
smaller at Fontana and Corona than at Oasis; and (3) the flavedo 
was higher than the albedo in invert sugar, total sugar, and soluble 
solids, whereas the albedo was higher in naringin, hydrolyzable 
polysaccharides, and hydrogen-ion concentration. 

The Fontana and Corona rinds agreed more closely in composition 
than either agreed with the Oasis rinds. The Corona rinds showed 
a somewhat closer resemblance to the Oasis rinds than did the Fontana 
rinds. 

The main storage experiments were conducted on fruit from Corona, 
Fontana, and Oasis, but the results of a number of miscellaneous 
storage experiments on grapefruit rinds are also presented. 

A study of pitting and spotting in relation to storage showed: 

(1) Fruit from all three localities pitted and spotted most severely 
at*j42 0 F. and least at 52°, with 32° intermediate. 

(2) Mature fruit picked at Corona and Fontana early in the har¬ 
vest period was more severely affected at 42° F. than that picked in 
the latter part of the harvest period; at 32° this pitting and spotting 
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was the reverse of that at 42°; at 52° there was never more than a 
trace of storage blemishes. 

(3) The fruit from Oasis varied strikingly with the season in its 
susceptibility to pitting and spotting, when held at 32° and 42° F. 
No pitting or spotting occurred at 52°; but at 32° it increased as tlio 
season advanced. At 42° pitting and spotting reached their maximum 
early in the season, dropped to a minimum in midseason, and in¬ 
creased again toward the end of the harvest season. 

Chemical analyses of the rinds of Corona and Fontana grapefruit 
showed: 

(1) Water content decreased slightly at all temperatures. 

(2) Total sugar decreased at all temperatures but least at 32° F. 
and most at 52°. 

(3) Reducing sugar decreased slightly at 32° F. but increased at the 
higher temperatures. 

(4) Invert sugar decreased at all temperatures. The decreaso was 
slight at 32° F., but striking and about the same at 42° and 52°. 

(f>) Naringin usually decreased. The decrease was greatest at 32° 
F. and least at 52°. 

(6) Hydrogen-ion concentration increased at all temperatures. 
The increase was greatest at 42° F. 

(7) There was a high positive correlation between hydrogen-ion 
concentration and naringin content. 

(5) Hydrolyzable polysaccharides increased at all temperatures. 

(9) Soluble solids decreased slightly at all temperatures. 

(10) Rinds of the fruit from Corona and Fontana behaved essen¬ 
tially alike in all the reactions noted. 

Chemical analyses of the rinds of the Oasis fruit showed: 

(1) A slight increase in water at 52° F. and a slight decrease at 42° 
and 32°. 

(2) Total sugar decreased at 42° F. and 52°, but increased slightly 
at 32°. 

(3) Roducing sugar increased slightly at all temperatures. 

(4) Invert sugar behaved almost exactly as in the Corona and 
Fontana rinds in all storage collections. 

(5) Hydrogen-ion concentration increased in storage at all tem¬ 
peratures but least at 32° F. 

(0) Nariugin increased at all temperatures, most at 32° F. and 
least at 52°. The total naringin content showed a high positive 
correlation with hydrogen-ion concentration. 

(7) Hydrolyzable polysaccharides and soluble solids changed only 
slightly. 

A comparison of the Oasis and Corona-Fontana grapefruit rinds 
showed: 

(1) Differences in prestorage composition. 

(2) Naringin was hydrolyzed in storage in the Corona-Fontana 
rinds and synthesized in the Oasis rinds. 

Miscellaneous storage experiments showed: 

(1) Fruit held for one period at 52° F. and then transferred to lower 
temperatures spotted only slightly; fruit held at either 42° or 32° 
continued to spot when transferred to 52°. 

(2) Weakly acidified atmospheres accelerated and enhanced pitting 
and spotting, whereas weak alcohol and ammonia seemed to retard it. 
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Alcohol also retarded the development of yellow color in the fruit in 
storage. 

(3) The permeability of grapefruit rinds to their own soluble sub¬ 
stances increased as the storage temperature was lowered. 

(4) The conductivity of the flavedo was higher than that of the 
albedo, but this difference was reduced during storage. The differ¬ 
ence between stem and blossom ends was slight. Variability of 
conductivity in the same lots of tissue was relatively great. 

(5) Soluble pectin was higher in the albedo, and protopectin and 
total poetic substances wore higher in the flavedo. No pectic acid 
was found in any instance. The soluble pectin content was highest 
at 42° F. and the protopectin-pectin ratio lowest. 

(6) No signilicant alteration of the buffer system due to storage 
temperatures was noted. 

Injection experiments showed: 

(1) When solutions of naringin and its phenolic derivative, narin- 
genin, were injected into the albedo of grapefruit rinds naringenin 
was approximately 1,000 times more toxic to rind tissue than naringin. 

(2) After rinds were injected with 0.1 to 0.6 mg of naringenin and 
held for f> days at 42° F., they often showed spots Similar to those 
commonly observed in storage. 

(3) If rinds were injected with naringenin and held for a few days 
at 42° F., then frozen and thawed, the injected areas showed a pink 
coloration similar to that sometimes observed in stored grapefruit. 
In rinds injected with dilute naringenin solutions the injury was most 
aggravated by holding at 42°, which, of the three temperatures used 
throughout the storage experiments, caused the greatest amount of 
spotting. 

(4) Individual fruits showed different degrees of susceptibility to 
naringenin injury. Furthermore, the fruit of individual trees seemed 
to show collectively somewhat consistent relative susceptibility or 
immunity to injury from given quantities of naringenin. Usually, 
uninjected fruit from the extreme-case trees mentioned above, when 
stored for several weeks at 42° F., developed degrees of storage 
spotting in rather interesting agreement with the susceptibility or 
immunity to naringenin injury previously noted for them. 
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THE HONEYBEE AND THE BEEHIVE IN RELATION TO 

FIRE BLIGHT 1 


By E. M. Hildebrand, assistant professor of plant pathology, and E. F. Phillips, 

professor of apiculture, New York ( Cornell ) Agricultural Experiment Station * 

INTRODUCTION 

The chief objective in fire blight control has been the eradication 
of hold-over cankers, since these cankers are known to be the principal 
source of primary inoculum in the spring. Consequently the pos¬ 
sibility suggested by Rosen (11, 12) 3 that the fire blight organism, 
Erurinia amylovora, (Burr.) Bergey et al., may overwinter in the 
beehive has complicated the problem by introducing one more possible 
source of infection. Following the appearance of Rosen’s first report 
in 1930, studies were begun in several States to determine the role 
played by the honeybee in the dissemination of the bacteria and to 
ascertain whether the bacteria overwinter in the beehive. 4 The 
findings from New York, Ohio, and California detailed later, which are 
at variance with those from Arkansas, receive further support from 
this undertaking, an abstract of which has already been published (5). 

The fact that the honeybee is an important pollinating agent 
for fruit blossoms and that individuals from colonies of bees regularly 
visit flowers at a time when they are highly susceptible to infection 
by the fire blight organism makes this problem a most important one. 
It must, however, be remembered that the worker bees which visit 
blossoms are not those which have had contact with contaminated 
material the year before, since the life span of the worker is short. 
Normally no bee would be living in the colony at the time of visits 
to fruit blossoms which had been there the year before except the 
queen bee, and queen bees do not visit flowers. There remains, 
however, the somewhat remote possibility that in some manner the 
queen bee might be involved in harboring the fire blight organism. 
Attention must also be directed to other places within the hive where 
the fire blight bacteria might remain, such as in honey or in other 
materials in and about the hive. These facts, then, center the 
investigation largely on the behavior of the bacteria when introduced 
into the hive, and it is on this point that special emphasis has been 
placed in this work. 

The chief aim of this investigation has been: (1) To determine 
the longevity of the fire blight organism in the beehive when intro¬ 
duced through the natural channel in the food of the bees, but other 
aspects of the problem have also received attention, such as (2) the 
longevity of the bacteria in sugar solutions studied over a wide range 
of concentrations and temperatures; (3) the location of the bacteria 
in relation to the life-cycle stages of the insect; and (4) the extent ot 

1 Received (or publication Dec. 6, 1935; issued June 193G. 

* The writers are indebted to Dr. A. W. Woodrow, formerly of the Department of Entomology, for 
assistance in handling the bees used in these studies. 

1 Reference is made by number (italic) to Literature Cited, p. 809. 

4 Since the environment within the beehive may be assumed to be virtually identical throughout the 
oountry the results from the several States should be in close conformity with each other. 
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dissemination of the bacteria from the beehive to flowers in cages 
in the orchard. 

In the spring of 1932 during the course of observations on the con¬ 
duct of honeybees visiting pear and apple flowers in the orchard of 
Cornell University, it was observed that some of the flowers farthest 
along in development presented a water-soaked appearance. Exami¬ 
nation under the microscope showed the flower tissues to be gorged 
with bacteria. Noting that the bees visited flowers in the clusters 
containing these water-soaked individual, a preliminary isolation 
experiment was made to determine whether the fire blight bacteria 
were associated with the bees. When the first apple petals were 
beginning to fall, 10 bees were captured from blossom clusters con¬ 
taining such water-soaked b^ssoms. At three subsequent biweekly 
intervals, when blossoms were no longer available, lots of 10 bees 
each were taken at the entrances to hives in an apiary approximately 
a half mile away. The fire blight bacteria were obtained from 3 of 
the 10 bees captured from the blossoms, but no organisms were re¬ 
covered from the bees subsequently taken in the apiary. In the 
blight epiphytotic which developed that spring as mMiy as 90 percent 
of the blossom clusters in Wealthy and 50 percent in McIntosh 
blighted, providing ideal conditions for this isolation experiment. 
However, because the bacteria were obtained from the bees only 
while they were visiting the flowers in the orchard and not there¬ 
after, it appeared that the organisms were incapable of remaining 
associated with the bees after the blossom period. Accordingly 
experiments were planned in an attempt to clarify the situation. 

LONGEVITY OF THE FIRE BLIGHT BACTERIA IN THE BEEHIVE 

PREVIOUS OBSERVATIONS 

Although Waite (20, 21) was the first to implicate the honeybee 
with the dissemination of the fire blight organism, it remained for 
Gossard (2) and for Gossard and Walton (8, 4) to initiate studies 
on the longevity of the bacteria in the beehive. In the first report, 
Gossard (2) concluded that the organism of fire blight may live in 
honey for 47 hours. Later Gossard and Walton (8) extended the 
period of viability in honey to between 72 and 100 hours. In their 
final report (4) they stated that during the blossom period fire blight 
developed in tender twigs that were inoculated with honey drawn 
from three different hives. Blight apparently resulted also when 
apple pollen, removed from the pollen baskets (corbiculae) of bees 
and the mouth parts of similar bees caught as they were entering the 
hives were inserted into incisions in tender apple twigs. They further 
state (4, p. 80): 

We were unable to obtain cultures of fire blight from hives in early spring, 
from either honey or wax and because of its eventual death in honey, we bblieve 
it does not exist in the hive at the opening of the season. Dozens of samples 
were taken and cultured by the plate method in this quest. 

The investigations of Gossard and Walton have been extended 
by a number of investigators. Rosen (11, p. 802) stimulated interest 
in this question when he stated that— 

* * * the writer has successfully isolated the fire-blight pathogen from 

beehive material gathered throughout the summer, winter and early spring and 
from the bees themselves obtained from the hives in the early spring prior to the 
development of blight. 
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Tf this statement were applicable elsewhere it would mean that 
fire blight control cannot be successfully accomplished by canker 
eradication alone. Thomas (15) reported that when the organism 
causing fire blight was introduced into honey and applied to the 
surface of honeycomb and wood frame, it was recovered after 15, 55, 
and 20 days. In Rosen's final report (12) covering 5 years' work, he 
had obtained only 1 positive culture in a total of 1,277 isolation 
trials from 1931 to 1933, which is in strong contrast to 20 positive 
isolations in 2,157 trials for 1929 and 1930. The materials used con¬ 
sisted of honey plus comb and bees taken from beehives located in a 
blighted orchard. The results of a study by Thomas and Ark (17) 
conducted in California did not support Rosen's conclusion. In 
no instance did they obtain the blight organism from hive material 
(550 cultures), and they obtained it from bees only when blossoms 
of fruit trees were available to the insects. Piarstorff and Lamb (10) 
also were unable to demonstrate the presence of tlie fire blight 
bacteria on the combs, frames, or in the honey in a beehive 24 hours 
after a water suspension of the organism had been introduced. 
They were successful, however, in recovering bacteria from the heads 
of the honeybees taken from a hive 2 days after it was contaminated 
with the organism. Parker (9) was unable to reisolate the bacteria 
in the early spring from beehives that were artificially contaminated 
the preceding November. 

MATERIALS AND METHODS 

Any study in which honeybees are used for experimental purposes 
should take into account the habits and condition of the insects. 
Besides the fruit-blossom period in May, early October is a good time 
for conducting such a study since the incoming supply of nectar is 
low in these months and the bees are inclined to stay inside the hive 
and to concentrate sugar solutions with relative rapidity. 

The feeding of honeybees with artificially prepared food containing 
an abundance of bacteria introduces the bacteria into the hive in a 
manner comparable to such natural channels as may exist, obviates 
the necessity for disturbing the working conditions of the bees, insures 
the entrance of bacteria in great numbers and at the same time 
facilitates the reisolation of the bacteria at stated intervals after their 
entrance. These precautions were needed since present isolation 
methods are not sufficiently selective to be reliable for small numbers 
of these bacteria. Moreover, this approach takes into account the 
effect on the nectar or sugar solution produced by the bees in their 
function of elaborating honey from nectar. „ 

The same two colonies of bees were used throughout the series of 
tests, which extended over a period of four seasons. Each colony or 
nucleus hive was fed diluted honey or cane sugar (sucrose) solution of 
60 percent sugar concentration in the autumn, or 50 percont concen¬ 
tration when fed in the spring, to which vast numbers of the fire 
blight bacteria had been added. 

The sugar solutions were prepared under approximately aseptic 
conditions in the same way for each of the six feeding experiments 
involving hives of bees. Approximately 5 gallons of the prepared 
solutions were fed to the respective colonies in the fall and 1 quart to 
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the nucleus hives 5 used in the spring. The sucrose solution was steri¬ 
lized at 15 pounds pressure for 20 minutes. The diluted honey was 
brought to a boil. When cool, the bacteria in water suspension were 
added. The individual bacteria were thoroughly distributed in 
suspension by careful stirring in the thinner solutions so that in 
subsequent concentration of these solutions by the bees, there was 
ample opportunity for the solutions to act in whatever manner they 
would on the organisms. These precautions were taken in order to 
obviate the possibility that groupings or clumps of the organisms may 
protect some bacteria from the action of the concentrated solutions 
(honey) and thus increase their longevity. 

The bacteria for furnishing the inoculum were varied. In 1932, 1 
culture from California was employed; in 1933 a composite of 30 
cultures; in 1934 a composite of 4 cultures; and in 1935 the progeny of 
a single-cell culture from New York. The numbers of bacteria per 
cubic centimeter of solution fed in series 1932a and 1933a were com¬ 
puted by means of the Petroff-Hausser direct bacteria counter and 
were, respectively, 192 and 155 millions. In the other series the 
numbers of bacteria were made comparable by means of the McFar¬ 
land nephelometer (7). 

The inoculum except when stated otherwise consisted of a 2-day- 
old growth on nutrient agar. 

The isolation method used consisted of: (1) The transfer of rela¬ 
tively uniform quantities of material with a 5-mm loop to nutrient- 
dextrose broth, and (2) the subsequent transfer to nutrient agar when 
growth was evident. The culture-plate method used in the prelim¬ 
inary studies was later abandoned. All the cultures obtained during 
summer, autumn, and winter that simulated the fire blight organism 
were inoculated into green Kieffer pear fruits. Shoots on pear and 
apple trees grown in the greenhouse were used for making patho¬ 
genicity tests in the spring when fruits were not available. The 
surface of fruits was sterilized with alcohol and after inoculation 
incubated in moist chambers at 24° C. 

In pursuing the investigation on the longevity of the fire blight 
organism in the beehive, a series of six isolation experiments were 
conducted in October and May. These are designated 1932a, 1933s, 
1933a, 1934s, 1934a, and 1935s. 0 

AUTUMN TRIALS 
Experiment 1932a 

In experiment 1932a, the fire blight bacteria disappeared within 
1 week after the close of the feeding period from honey elaborated 
from food containing the organisms. The bacteria had likewise dis¬ 
appeared from (1) the wax of the combs, (2) the surface of wooden 
frames, and (3) the mouth parts, alimentary tracts, and honey 
stomachs of the bees. A summary of this experiment appears in 
table 1. 

111 Nucleus hive” is a term employed by beekeepers for small hives used in mating queen bees. These 
small hives were used because the full colonies were too large to be included in the cages employed. 

• The symbols s and a signify, respectively, spring and autumn trials. 
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Table 1 .—Summary of isolation studies to determine the longevity of Ermnia 
amylovora in the beehive when introduced through the natural channel of foods in 
spring («) and autumn (a) trials, 1982-85 


Source 

Time interval 

1932i i 

1933s 

1933a 

1934s 

1934a 

1935s 

Trials 

Positive 

Trials 

Positive 

Trials 

Positive 

Trials 

Positive 

Trials 

Positive 

Trials 

Positive 


Days 

No 

Pet 

No. 

Pet. 

No. 

Pet. 

No. 

Pet. 

No. 

Pet 

No 

Pet. 


1 





40 

20.0 



30 

33.3 




2 





40 

10.0 



30 

0.7 



Honey.. 

3 





40 

.0 



30 

6.7 

. 



Over , 
3 

} 100 

0.0 

30 

0.0 

320 

.0 

30 

0 0 

90 

.0 

30 

0.0 


1 





20 

.0 



15 

13 3 



Wax. 

Over 

1 

} 50 

0 

30 

.0 

200 

.0 

30 

.0 

70 

.0 

30 

.0 


1 





20 

.0 



15 

.0 



Wood. ----- 

Over 

1 

} .60 

.0 

30 

.0 

200 

* 5 

30 

.0 

70 

.0 

30 

.0 


1 





100 

0 0 



85 

11.8 



Bees. . -- 

Over 

1 

} 50 

.0 

30 

.0 

50 

.0 

30 

.0 

50 

.0 

30 

.0 

Pollen— 

Over 

! 5 

} - 


30 

3 3. 3 



30 

0 



30 

.0 


1 Isolation interval-7 days 
* Isolation interval =*12 days. 
3 Isolation interval=13 days. 


Two colonies of bees were used. One received contaminated 
sucrose solution and the other contaminated diluted honey prepared 
as stated earlier. “Atmospheric” tin-pail feeders with perforated 
tops were filled with the solutions and inverted, being placed in empty 
hive bodies over the hives. Except at daily or 2-day intervals when 
the food supply was replenished, the bees were not disturbed. The 
feeding was begun on October 6 and the last food was consumed on 
October 19. An extensive isolation experiment was arranged in 
which samples of the honey in the comb elaborated respectively from 
the honey and sugar solutions were incubated in previously sterilized 
specimen dishes over a range of temperatures varying at 3° intervals 
from 3° to 24° 0. 

Since earlier investigators in this field had found that the fire 
blight organism survives for considerable periods within the hive, the 
first isolations were not attempted until 7 days after the close of the 
feeding period. At the first isolation interval the materials were 
taken from the hives and placed in the dishes in the incubators. 
From each hive they consisted of 10 transfers of honey and 5 transfers 
from comb cappings and side walls of cells and scrapings from the 
frames. At the same time five bees were collected from each hive. 
From each bee the mouth parts, honey stomach, and alimentary tract 
were cultured separately. None of the sources tested yielded the 
bacteria, but the pathogen was readily obtained in all but the last 
case from samples of the original sugar and honey solutions that had 
been incubated at 6°, 12°, 18°, and 24° C. Moreover, during the 
course of the feeding period, the bacteria were successfully recovered 
at daily intervals up through the twelfth day from the original solu¬ 
tions stored in a shed at approximately 18°, indicating that the 
pathogenic bacteria survived in the food during that period. 
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At four subsequent weekly intervals similar isolation series were 
repeated, always with negative results. At the termination of this 
experiment, pathogenic bacteria were still being recovered from the 
original solutions held in the 6° and 12° C. incubators. In these 
studies the wax, wood, and bee samples were taken from the respective 
hives at the times indicated. The “honey” at the later weekly 
intervals was taken from the samples placed in the 24° incubator. 
These results are interpreted as meaning that the bacteria cannot 
survive the operations performed by the bees, but precise information 
was not obtained on the rate of disappearance of the bacteria in the 
operation of concentrating the food supply. The bacteria apparently 
had died at a more rapid rate than was expected, necessitating much 
shorter isolation intervals for determination of the rate of destruction. 

Experiment 1933a 

In the fall of 1933 the fire blight bacteria were recovered from 
honey produced from contaminated sucrose and honey solutions 
within 2 days from the time they had been taken by the bees. 

Feeding was begun on October 5, and by OctobeMO and 18 the 
respective dilute honey and sucrose solutions were all removed from 
the feeders by the bees. At the end of the first day one frame was 
removed from each of the hives and placed in a 30° C. incubator in 
the laboratory. Near the middle of the feeding period another frame 
from each of the respective hives was removed and placed in the 
incubator. In this experiment 40 attempts to isolate the organism 
were made from the honey, and 20 from each of the wax and frame 
surfaces at intervals of 1, 2, 3, 4, 5, 6, 8, 10, 12, 14, 18, and 22 days 
after the bees had taken the contaminated food. Six of the honey iso¬ 
lations made on the first day and six of those made on the second day, 
or 15 percent of each, yielded the fire blight bacteria. All the others 
were negative. 

Nonpathogcnic bacteria were obtained in a large percentage of the 
isolation tubes of the first six isolation intervals. Their growth in 
nutrient-dextrose broth was unlike that of the fire blight organism, 
being much slower and rarely if ever resulting in the formation of a 
pellicle which is so characteristic of Erwinia arnylorora. After the first 
week, when the isolation intervals were lengthened to 2 days, many of 
the tubes remained sterile and the majority of the others were free 
of microflora except for occasional molds. All isolations attempted 
from comb surface for the presence of the fire blight bacteria were 
negative. likewise all attempts to recover these bacteria from scrap¬ 
ings of the wood frame were negative with one exception, namely, an 
isolation attempted on the twelfth day. During the course of this 
experiment isolations were attempted at the same time intervals 
from the bees in the two hives. Since the bees were manipulating con¬ 
taminated food for approximately 2 weeks, a relatively large percent¬ 
age of the isolations were from bees taken while actually feeding. 
During this time isolations were tried from the mouth parts, honey 
stomachs, and alimentary tracts of 100 bees, only 6, or 6 percent, of 
which yielded the fire blight bacteria. In three instances the bacteria 
were present both on the mouth parts and in the honey stomachs; in 
two instances in the alimentary tracts and honey stomachs; and in 
one instance on the mouth parts alone. Isolations attempted from 10 
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bees at intervals of 2, 3, 4, 5, and 6 days after the close of the feeding 
period were all negative. From these data it is apparent that the 
fire blight organism was not as abundant on the bees as might have 
been expected. It was further observed that of the positive isolations 
obtained, there was approximately equal division between the diluted 
honey and the sucrose solution sources which are considered under 
one heading in the table 


ExrEKIMENT 1934a 

In the third and final experiment conducted in the fall of the year 
the fire blight bacteria had disappeared from the honey elaborated 
from heavily contaminated sucrose solution within 3 days from the 
time of elaboration by the bees. This experiment, except for a few 
changes, was similar to experiment 1933a, and the results were in 
conformity with the pre\ious findings (table 1). The feeding of 
diluted honey solutions contaminated with the bacteria was omitted 
because of the uniformity of results of the two solutions in previous 
trials 

In order to obtain a check on the microflora contributed by the 
bees and the hive during the concentration of sugar solution the bees 
were fed sterile sucrose solution for 2 days before they were given 
the contaminated food Feeding contaminated food was begun on 
October 18 and completed on October 25 The number of isolations 
intervals was reduced, and consisted of 1, 2, 3, 4, 5, and 7 days. The 
number of isolation trials from the various sources w T as not changed 
from the previous corresponding experiment, 1933a. Four series of 
isolation trials were conducted. The first was confined to the con¬ 
centrated material from sterile sucrose solution which yielded only 
molds and miscellaneous bacteria. The other three series were begun 
on, respectively, October 18, October 23, and October 24. In the first 
two instances, the frames used in making the isolations were taken 
from hives and stored in a 30° (\ incubator in the laboratory. The 
third frame was left in the hive and removed only long enough for 
samples to be taken when it was again replaced. Isolations from the 
bees were confined to the use of mouth parts and honey stomachs. 

Of the 30 isolations made on the first day from the concentrated 
sucrose solution which had contained fire blight bacteria, 10, or 33.3 
percent, were positive for the fire blight organism. From similar 
numbers of isolation trials on the 2 successive days, there were for 
each interval two positive, or 0.7 percent. All the later attempts to 
recover the fire blight bacteria from the concentrated sucrose solution 
were unsuccessful. 

The bacteria were recov^ed in two cases from bits of wax taken 
from the combs at the first interval of 1 day, or in 13 3 percent of the 
attempts. All 70 subsequent trials for the isolation oi the bacteria 
from this source in this experiment were negative. No fire blight 
bacteria were recovered from 85 samplings of scrapings removed by a 
sterile scalpel from various parts of the frame. 

The bacteria were likewise recovered from 10 of a total of 85 bees, 
or in 11.8 percent of all attempted isolations made during the time 
that they were working with the contaminated food. 411 attempts to 
recover the bacteria from bees separated from the contaminated food 
by more than 1 day were negative. The location of the bacteria in 
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these bees was chiefly in the honey stomachs, since recovery was 
made from this source eight times to the three that they were obtained 
from the mouth parts From these experiments it is evident that the 
fire blight bacteria are able to survive in the beehive for a relatively 
short time. 

SPRING TRIALS 

Experiment 1933s 

This study was conducted in the spring of 1933 in the orchard of 
Cornell University with special cages, which are described later. 
The honeybees were confined with apple blossoms of the Rhode 
Island Greening variety. A nucleus beehive was outfitted with two 
feeders, one containing contaminated sucrose solution and the other 
contaminated honey solution, one frame of brood ready to emerge, 
one empty comb, and two cupfuls of worker bees. No queen was 
included. The nucleus hive was assembled the afternoon of May 
13 and installed in the cage in the evening. The hive entrance was 
opened after dark. During the forenoon of the same day, with the 
flowers in the late pink stage of development, a liqje-sulphur spray 
(1-40; was applied and in the afternoon an application of nicotine 
sulphate (1-800), in order to remove insects that might cause com¬ 
plications. Daily observations were made and a record was kept of 
the behavior of the bees. 

A few flowers had begun to open on May 14. At 9 a m. May 15, 
the flowers were in early bloom and counts were made of the number 
of bee visits to groups of 10 blossom clusters in four different cages. 
For 5-minute intervals there were, respectively, 5, 1, 3, and 4 visits 
made by the bees, and only an occasional bee was observed trying to 
gain freedom by flying against the sides of the cage The flowers 
came into flull bloom on May 17 and the bees were observed freely 
visiting them up through May 20 at petal fall. The food was all 
converted into “honey” approximately 5 days before the cages were 
removed, and the hives were examined on May 26. Immediately 
after the cages were removed attempts were made to recover the 
bacteria from the hives and the bees, and also from apple pollen. 
The first isolations were made 13 days after the beginning of the 
experiment and approximately 5 da vs after the feeders were emptied. 
The results of these isolation trials were all negative but for one 
instance (table 1) in which the bacteria were recovered from pollen 
taken from a cell of pollen. Two subsequent series of isolation were 
made at intervals of 20 and 27 days from the time of starting the 
experiment, but the results w ere all negative. The controls, consisting 
of the contaminated solutions held at 6°, 12°, 18°, and 24° C., all 
yielded the bacteria at the end of 13 days except the last. 

These data .support the findings of the autumn experiments,* and 
indicate that the fire-blight bacteria disappear within 5 days from the 
time contaminated food is converted into honey. 

Experiment 1934s 

In experiment 1934s, which was a repetition of 1933s, negative 
results were obtained in all cases for the recovery of the blight bacteria 
from the nucleus hive. The Twenty Qunce apple variety was here 
substituted for Rhode Island Greening. 
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Using the same general procedure as before, the hives were assem¬ 
bled and installed in the cages in the orchard on May 18 and were 
removed on May 29. On the latter date, isolations were attempted 
from the same sources as before at approximately 4 days after the last 
of the food was taken. The fire blight bacteria were not recovered. 
Two similar isolation series were made at successive 2-day intervals 
after the first attempts, but no fire blight bacteria were obtained. 

Experiment 1935s 

The final experiment, which was conducted in the spring of 1935, 
was a repetition of experiment 1934s. 

Bees were placed in the hives on May 21 and the cages were in¬ 
stalled on May 22. On June 3, 12 days later, the cages were removed 
and isolations were tried from- the usual sources (table 1). The food 
had all been consumed approximately 4 days previously. The first 
isolations attempted were all negative for the fire blight bacteria. 
Subsequent attempts gave similar results. Isolations from a sample 
of the infested original contaminated sucrose solution stored at shed 
temperature (18° C.) yielded pathogenic bacteria to the close of the 
experiment. The rate of disappearance of the bacteria was not 
accurately determined in the experiments conducted in the spring of 
the year because a disturbance to the bees would have altered the 
experiment in other respects. 

DISCUSSION 

The consistency of the results in all these experiments conducted 
in the spring and in the fall, in which the bacteria disappeared from 
the beehive, has an important bearing on the question of the possible 
role of the bees and the beehive in the dissemination of the fire blight 
organism. 

The rapid disappearance, usually within 2 days, of fire blight 
bacteria after their introduction into the hive attests to the destruc¬ 
tive properties of honey and of the beehive environment, so far as 
fire blight bacteria are concerned. The two minor exceptions reported 
above would not appear to invalidate this conclusion, and even for 
the longest periods of survival encountered, it will be recalled that 
they were from pollen and scrapings of the wood, in both of which 
instances there was little opportunity for any possible disinfecting 
effects of honey to operate. There is, of course, some honey used in 
the storage of pollen in cells of the comb. The sterilizing action of 
honey applies as well to other nonspore-forming bacteria previously 
studied (13) and to the nonspore-forming bacterial flora normally 
associated with honeybees and the interior of the hive, which survived 
in honey only a few days longer than the fire blight organism. The 
relatively short length of life of fire blight bacteria in all the locations 
studied within the hive probably cannot be ascribed to the sterilizing 
effects of honey alone or to any other one factor, but is more probably 
the result of the interaction of a number of factors, including the 
materials added to sugar solutions by the worker bees in their elabo¬ 
ration of their food supplies. These factors of hive environment 
consist in part of a high relative humidity (70 percent or even higher 
during the incoming of fresh food supplies) and of high temperatures 
(roughly 94° F., within the brood nest of the hive in which most of 
the elaborated food is stored at least temporarily). Parker (9) has 
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demonstrated the detrimental influence of high relative humidities 
on the survival of fire blight bacteria, and, as will be discussed later, 
high temperatures, within the range of temperatures found within 
the hive, are also detrimental to their survival. Whether the two 
factors of destructive relative humidities and high temperatures fully 
explain the rapid death of the fire blight bacteria within the hive but 
outside of honey is somewhat questionable, but that they contribute 
to this end appears evident. 

The bees used in these experiments together with the honey they 
produced were used in cage experiments in the orchard to check 
further the possibility of the bacteria overwintering in association 
with the bees that had elaborated the contaminated food. 

EFFECT OF SUGAR SOLUTIONS ON THE FIRE BLIGHT ORGANISM 

A number of workers have studied the effect of sugar concentration 
on the fire blight bacteria. Experiments by Gossard and Walton (4) 
demonstrated that the fire blight organism was able to live for about 
4 days in honey, for 10 days in aphid lioneydew, and for f> days in 
peach, plum, and cherry nectar. McLarty (8) state^tlmt fire blight 
bacteria lived for 48 days in strained honey. According to Parker 
(#), McLarty stated in correspondence that he later found the bacteria 
to live for 84 days in the same honey. Thomas (/£) reported that the 
organism causing fire blight lived for 15 days in honey. Using a 
special nutrient solution as a base, Thomas and Ark (1(>) determined 
the maximum concentration of sugars that the organism will tolerate 
in culture solutions. In dextrose solutions very slight growth was 
obtained at a concentration of 28 percent while optimum growth 
occurred at 8 percent. In solutions of levulose and sucrose optimum 
growth was near 10 percent, but the maximum growth concentrations 
were, respectively, 18 and 58 percent. The fire Wight organism was 
found to survive for several weeks at 60-percent sucrose concentra¬ 
tion. They further point out that the concentrations of the sugars 
which inhibited the organism corresponded approximately with the 
osmotic values of the sugars. The longevity of the bacteria in both 
artificial and natural honey was found by Pierstorff and Lamb (JO) to 
be 5 days. 

There is considerable divergence in the results of these various 
authors. To some extent this may be explained by diflerences in the 
degree of individual dispersion of the bacteria within the solutions, for 
it is evident that if the bacteria were clumped in some cases increased 
survival might result. It is further to be noted that none of these 
authors has stated the temperatures at which he worked, and tempera¬ 
ture is an important factor in survival of the fire blight organism in 
sugar solutions. 

Because of this lack of agreement in the work of other investigators, 
tests were made of the survival of fire blight organisms in various 
sugar solutions, the sugars used being those which occur in nectar and 
honey, namely, levulose, dextrose, and sucrose, used singly or in com¬ 
binations. 

LONGEVITY OF BACTERIA IN SUGAR SOLUTIONS 

The longevity of the fire blight bacteria was first tested in the fall 
of 1932 in artificial nectar (21.2-percent sugar) compounded according 
to the method of Beutler ( 1) from sucrose, levulose, and dextrose, of. 
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respectively, 8.4, 7.3, and 5.5 parts by weight. The sugar solutions 
were sterilized by filtration through a fierkefeld filter. For supplying 
the mineral elements a given volume of honey was ashed and a quan¬ 
tity of it corresponding to the amount in nectar was added aseptically 
to the synthetic nectar solution. A loopful (6 mm) of a dense water 
suspension of the fire blight organism was added to the artificial 
nectar. Samples were incubated in flasks at 3°, 12°, and 21° C. 
Isolations were made at daily intervals for 1 week and at weekly 
intervals thereafter for 6 weeks. The bacteria were still alive at all 
the temperatures except 21° at the end of 6 weeks, when the experi¬ 
ment was terminated. 

The longevity of the bacteria was tested simultaneously in pure 
honey, diluted honey, and sucrose solution held at 6° C. The diluted 
honey and the sucrose solution were samples of the materials fed the 
colonies of bees in the 1932a experiment. The bacteria survived in 
these solutions for 31,20, and 37 weeks. Apparently the low tempera¬ 
ture favored their survival. 

At the same time, a third experiment was run to test the longevity 
of the bacteria in duplicate tubes in different concentrations of 
sucrose solution held at 3° and 21° C. The concentrations tested 
were 0, 1, 5, 10, 20, 40, and 60 percent of sucrose in water. At 3° 
the bacteria survived for 28, 9, 8, 8, 6, 10, and 12 weeks, while at 
21° the survival periods were 28, 7, 4, 4, 5, 5, and 1 weeks. 

A more extensive experiment was begun in December 1932. The 
sugars tested included sucrose, dextrose, sucrose+dextrose in equal 
amounts, levulose, synthetic nectar (according to the findings of 
Beutler (I)), and unsterilized honey The concentrations used with 
each material were, respectively, 0, 1, 5, 10, 20, 30, 40, 50, 60, and 75 
percent of sugar, each test being made in quadruplicate. The fire 
blight bacteria were placed in test tubes containing 10 cc of these 
sugar concentrations held at 6°, 12°, 18°, and 24° C. All except 
those containing levulose were sterilized in the autoclave for 15 min¬ 
utes at 15 pounds pressure. To avoid caramelization where levulose 
was used alone or as a constituent the individual sugars were added 
to hot sterile distilled water, and heated in the Arnold steamer for 
12 minutes on 3 successive days. The inoculum consisted of a 
highly virulent culture of the organism that had been isolated from 
crab apple in California. The results of this experiment are contained 
in figure 1, .1. Since no special provision was made for retarding 
evaporation, there was a marked tendency at 18° and 24° for the 
sugar solutions to become more concentrated. Thus, for example, the 
20-percent sucrose solution incubated at 18° jii a period of 35 weeks 
became concentrated to 59.69 percent sugar. To determine this, 
examination was made with an Abbe refraetometer (drop). Similarly, 
the 10-percent sucrose solution in 36 weeks became concentrated to 
51.22 percent. Obviously this fact should be kept in mind when 
evaluating these data. In sucrose solution the bacteria survived for 
a relatively short time in concentrations of 40 percent and above, 
but there was a discrepancy in the effect of temperature on survival 
in which 18° appeared to be more favorable than 6°, 12°, and 24°. 
For dextrose the critical concentrations were 10 percent and above. 
Mixtures of equal parts of sucrose and dextrose acted much the same 
as dextrose alone. Levulose appeared to be somewhat less destrue- 
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Figure 1 -—I he longevity of the lire blight organism, Erwmxa amylooora, in solutions of various sugars in 
different concentrations, and in synthetic nectar and honey held at constant temperatures The inoculum 
was varied for the two series A involved a single culture and B a composite of 80 cultures The incu¬ 
bation temperatures were 6°, 12°, 18°, and 24° C 
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tive of the bacteria than dextrose, but rather similar to sucrose. 
Synthetic nectar with and without ash behaved more like levulose 
than like the other sugars. The addition of ash to the synthetic 
nectar solution appeared to upset the effect of the sugars alone by 
decreasing markedly the longevity of the bacteria, especially at the 
lower concentrations, and therefore was omitted in the next experi¬ 
ment. The higher concentrations of all the solutions behaved 
similarly in killing the bacteria in relatively short periods of time. 
The survival of the bacteria in a series of unsterilized honey dilu¬ 
tions comparable to the synthetic nectar was similar to the results 
in the latter. This unsterili/.ed honey series was abandoned at 6 
weeks because of contamination by molds. Survival was usually 
longest at the lower temperatures, but this was not always the case. 

Another experiment to test the longevity of the fire blight organism 
in sugar solutions was begun in November 1933. Certain modifica¬ 
tions were adopted, however. A composite culture of 30 organisms, 
isolated from widely separated places, was used instead of a single 
culture. The bacteria were added at the rate of approximately 
250 million per cubic centimeter determined by use of Petroff-Hausser 
direct bacteria counter. The respective sugars, sucrose, levulose, 
and dextrose, were used alone and in combination simulating nectar 
(1 ). Extracted honey of approximately 80-percent sugar concentra¬ 
tion and the same honey diluted to 60-percent concentration of 
sugar were also included. No ash was added to the nectar. To 
reduce evaporation, lead foil was wrapped over the tops of all the 
tubes held at 18° and 24° C. Before the experiment was begun, the 
levulose and nectar solutions were heated for 12 minutes in the 
Arnold steamer on 4 successive days. The sucrose and dextrose 
solutions were sterilized in the autoclave for 15 minutes at 15 pounds 
pressure. This experiment was terminated at the end of 1 year; the 
data obtained are summarized in figure 1, B. From figure 1, J?, 
it is evident that the results correspond to those already discussed in 
previous experiments. Sugar solutions at concentrations simulating 
honey (75 percent) and held at temperatures nearest to those which 
would obtain in the apiary in the summer (24°) are destructive to 
the bacteria, ordinarily killing them within 1 week. At temperatures 
more nearly approximating those of the hives in winter (18°), bacterial 
survival is not sufficient to account for the hive being a potential 
overwintering source. No definite explanation can be given for the 
relatively long survival of the bacteria of the composite culture of 30 
strains. However, it may be explained in part by reduced evapora¬ 
tion and consequently a lower concentration of sugar. 

GROWTH OF BACTERIA IN SUGAR SOLUTIONS 

Studies were next made of the growth of the fire blight organism in 
a special synthetic medium {14) when the carbohydrate sources were 
the respective sugars. The sugar solutions were sterilized by filtra¬ 
tion through a Berkefeld filter. In series 1, duplicate tubes were 
prepared of each of the sugars (sucrose, levulose, and dextrose, and the 
synthetic nectar mixture) of sugar concentrations of 0, 2, 5, 10, 15, 
20, 30, 35, 40, 45, and 50 percent. In series 2, the concentrations 
were somewhat modified, but covered the same range. Series 3 
involved the use of a number of sugar concentrations that differed 
from each other in smaller amounts as the concentrations approximated 
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the critical growth limits of the bacteria. The progeny of a single-cell 
strain of the fire blight organism grown for 2 days on nutrient agar 
furnished the inoculum. All cultures were incubated at 24° C. The 
results obtained are summarized in table 2. These data indicate that 
the monosaccharides, dextrose, and levulose permit a slight growth 
in sugar concentrations as high as 30 percent and that in sucrose, a 
disaccharide, the bacteria made a very small but perceptible growth 
at the 58-percent concentration. These results are in approximate 
agreement with those of Thomas and Ark (16). When the sugars 
were combined into a mixture simulating nectar (Beutler ( l)) y the 
bacteria grew at 35 percent but not at 40-percent sugar concentration. 
An abundance of growth was noted at the 5- and 10-percent con¬ 
centrations, as evidenced by the sediment at the bottom of the tubes 
and the color change of the medium, Bromothymol blue was the 
indicator used. At the higher concentrations growth decreased with 
increasing concentration. No growth appeared at the 40-percent 
concentration. 

To account for the rapid disappearance of the fire blight bacteria 
during the process of elaborating nectar into honey several experi¬ 
ments were tried. ** 

Table 2. —Summary of studies conducted for the purpose of finding the maximum 
concentrations of various sugars , and of synthetic nectar , at which the fire blight 
organism , Erwinia amylovora , will grow 


Series no. and Growth of E. amylovora at the end of 10 days in a synthetic medium containing 
sugar sugars in the indicated concentrations i 



() i>er- 
oent 

2 per¬ 
cent 

5 per¬ 
cent 

10 

15 

20 

25 | 

30 

35 

40 

45 




per- 

per- 

per- 

per- 

per- 

per- 

I>er- 

]>er- 

50 percent 


cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 



Series l* 














Dextrose_ 

— 

4- 

+ 

4 - 

4- 

4 - 

4 - 

4- 

— 

— 

— 


_ 

Levulose-- 

— 

+ 

4- 

4- 

4- 

4 - 

4 

f 

— 

— 

— 


— 

Sucrose. - 

— 

+ 

4 - 

4 - 

4- 

4- 

4- 

4- 

4- 

4 - 

4- 


4- 

Nectar- 

— 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

— 

— 


— 


0 per¬ 
cent 

3.75 

75 

15 

18 75 

22.5 ! 

26.25 

30 

35 

40 

45 

1 



per- 

per- 

per- 

per- 

per- 

per- 

per- 

per- 

per- 

per- 

50 percent 


cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 



Series 2: 














Dextrose 

— 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

—. 

— 

— 


— 

Levulose_ 

— 

4- 

-f 

4- 

4 - 

4- j 

4- 

4- 

— 


— 



Sucrose_ 

— 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 


4- 

Nectar 

— 

+ 

4- 

4- 

4 - 

4- | 

4- | 

4" 1 

tr 

- 

— 


~ 


0 per¬ 
cent 

5 per¬ 
cent 

10 

per¬ 

20 

per¬ 

25 

per¬ 

28 i 

per- 1 

30 

per¬ 

32 

per¬ 

35 

I>er- 

40 

per¬ 





cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 




Series 3* 








i 






Dextrose .. . 

— 

4 

+ 

4- 

+ 

4- 

4- 

_ 

— 

— 




Levulose. 

— 

4- 

4- 

4- 1 

+ 

4- 

4 - 

— 

— 

— | 

.... 

__ 


Nectar. 

— 

+ 

4 

4* 

+ 

+ 

4- 

4- 

4 - 

— 

- . 

.... 

—- 


0 per¬ 
cent 

1 

5 per¬ 
cent 

10 

20 

30 

40 

48 

50 

52 

54 

56 

58 * 

60 


per¬ 

per¬ 

per¬ 

per¬ 

I>er- 

per¬ 

per¬ 

per¬ 

per¬ 

per¬ 

per¬ 


cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

Sucrose. 

- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

- 


1 4- Growth; — No growth. The synthetic medium was made according to the formula given by the 
Society of American Bacteriologists 04)> 


The effect of desiccation alone on the longevity of the bacteria in 
sugar solution cannot account for their rapid disappearance in the 
honey-ripening process. A contaminated sucrose solution of 60-per- 
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cent concentration was placed in Petri dishes in a desiccator (CaClj) 
and kept there until the concentration of sugar was between 70 and 
80 percent. The dishes were sealed and placed in a 30° (\ incubator 
and were removed only for periodic examination. It was found that 
when 10, 20, 30, or 40 cc of the solution was placed in four Petri dishes 
of equal size the time required for the desiccator to adjust to the 
desired concentration was approximately 1, 2, 3, and 4 days. At the 
end of 1 month, when the isolation trials were discontinued, the 
bacteria were still being recovered from all the plates except the 
second. In this plate, the bacteria were still present at the end of 
3 weeks. Portions of the original sugar solution were simultaneously 
incubated at the temperatures (>°, 12°, 18°, 24°, and 30°. At the 
end of 1 month the bacteria were still alive at (>° and 12°, but had 
disappeared at 18°, 24°, and 30° by the end of 18, 12, and (> days, 
respectively. 

When the experiment was repeated with sucrose solution, synthetic 
nectar solution, and similarly diluted honey of 21.2-percent sugar 
concentration as the starting point, comparable results were obtained. 
The rate of disappearance of the bacteria from these solutions slightly 
greater than for the sucrose solution, but cannot account for the rapid 
disappei ranee within approximately 2 days of the bacteria found in 
the feeding experiments detailed earlier. 

An abundant microilora was found to be associated with the 
honeybee and the hive interior. Although these bacteria outlive the 
lire blight organism in honey, they too, disappear at the end of approx¬ 
imately 1 week. Preliminary studies on antagonism between these 
bacteria and the fire blight organism when grown on agar and in broth 
gave some indication that the former may function in some way in 
inhibiting the latter, but the evidence is too limited to justify its being 
given in detail. 

THE FIRE BLIGHT ORGANISM AND THE LIFE CYCLE STAGES OF 

THE INSECT 

Attention was next directed to the possibility that the bacteria 
might be associated with honeybees in some stage of the life cycle 
other than that of the active adult. 

Two series of experiments were conducted in October 1933 and 
1934. The same colonies of bees were used as in experiments 1933b 
and 1934b, already discussed. Shortly after the beginning of the 
feeding periods the queen bees, in response to the influx of food, began 
to deposit eggs in the cells, and continued to do so throughout the 
feeding period and for a short time afterward As soon as the eggs 
hatched (3 days), the young larvae obtained -their nourishment from 
a contaminated sugar solution or from the elaborated product, the 
only food available, and food of a contaminated source continued to 
be their diet until pupation (to the 9th day). In 21 days, or after 12 
days as pupae, the adults emerged. 

For making isolation studies from the immature life-cycle stages of 
the honeybee, small test tubes (1 by t> cm) were fitted with cork 
stoppers into which round, stiff, toothpicks had been inserted. This 
type of pick was rigid and suited for loosening and removing speci¬ 
mens from the cells. 

A frame containing brood was removed from the hive and the 
specimens were taken and stored in the test tubes for transporting to 

71048—30-0 
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the laboratory. A sterile scalpel was used for opening capped cells. 
For making isolations all specimens except the eggs were placed in a 
Petri dish containing a small amount of sterile water, chopped fine, 
and allowed to stand for about 10 minutes. A large loopful (0 mm) 
of the material was then transferred to broth and the usual procedure 
followed. In the isolations from the eggs a modified procedure was 
used. An egg was first allowed to stand for 10 minutes in water. 
After sampling the washings for the presence of the bacteria, the egg 
was crushed and handled in the same manner as the other stages. 
Several parallel isolation series were run in which the insect stages 
were placed directly in the broth. 

In a preliminary experiment during the latter part of the feeding 
period in 1933, two series of isolations were attempted from, respec¬ 
tively, 10 eggs and 10 small larvae. One of the larvae in the first 
series yielded (ire blight bacteria while the others w T ere negative. 
Though limited in scope, this study indicated that the larval stage 
was receiving food containing the bacteria, although it is not known 
just when in the process of elaborating honey it was given to the 
larvae. ^ 

In the 1933 experiment the isolation intervals were 12, 14, and 17 
days after the contaminated food had all been consumed, and in the 
1934 experiment the isolation intervals were 15, 17, and 19 days. 
Both in 1933 and 1934, bacteria other than the fire blight organism 
were frequently obtained from the larval stage, but relatively rarely 
from the egg, pupal, and unemerged adult stages. The lire blight 
bacteria were not recovered in any instance in the regular series of 
tests after an interval of at least 12 days after the contaminated 
food had been taken, which is strong evidence that these bacteria are 
not associated witli the life-cycle stages of the insect. 

DISSEMINATION OF FIRE BLIGHT BACTERIA FROM THE BEEHIVE 

TO FLOWERS 

The dissemination of Krwinia amylovora from the beehive to flowers 
caged with honeybees has been studied by several investigators. 
Gossard (2) postulated that if one bee carries 100,000 bacteria into 
the hive 1 day, on the following 1 or 2 days each of 1,000 bees has 
the potentiality of carrying a considerable fraction of 100 virulent 
bacteria out to fruit blossoms. He postulated further that the 
bacteria may multiply in the raw nectar when first carried into the 
hive. Pierstorff and Lamb (10)> in studies conducted in Ohio, 
atomized the interiors of beehives with bouillon cultures of the fire 
blight organism, and concluded that: “Bees did not carry blight 
inoculum from the hive to the blossom clusters” when “beehives 
that had been infested with virulent cultures of Bacillus arnylocorus 
were placed under apple trees enclosed within cheesecloth cages.” 
However, thev did get a small amount of infection possibly origi¬ 
nating from the hive, which they attributed to factors incidental to 
the use of cheesecloth tents, such as rents or tears and splashing 
rain from diseased trees nearby. Thomas and Vansell (19) working 
with caged pears in California, found that when beehives were 
transferred from the diseased to healthy trees, no infections resulted. 
The methods of handling the bacteria may in part account for the 
discrepancies in these results. * 
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Since it was desired to control the experimental conditions as 
closely as possible, small cages were used that fit over individual 
branches containing between 100 and 300 blossom clusters (fig. 2). 
The frame consisted of chicken wire of 1-inch mesh and 4 feet wide. 
A strip about feet long was folded to make a cylinder 4 feet long 
and approximately 2 feet in diameter. Wire screen and two types 
of transparent waterproof materials, consisting of waterproof cello¬ 
phane impregnated over cloth and wire screen, were used as covers. 
For dosing the cages over the branches, strips of unbleached muslin 
of about 40 meshes to the inch and 2 feet w r ide were sew r ed to the 
cages at either end. Ventilation w T as provided by inserting two 
pieces of wire screen 6 inches square into the cloth at either end, 
the inside one on the upper and the outside one on the lower side. 
Two strips of lath made to fit into the wire mesh of the support 
were used at either end of the cage for spreading the cage and trans¬ 
ferring its weight to the branch. The nucelus hive of bees was sus¬ 
pended from the limb at the end of the cage nearest the tree. 

The nucleus hives, unless otherwise specified, wore made up to 
include: (1) Two feeders filled with sucrose solution, either sterile 
or contaminated w r ith a water suspension of the fire blight bacteria; 
(2) one frame with brood ready to emerge; (3) one frame of sealed 
honey for emergency food supply; (4) one frame with empty comb 
to serve as a depository for pollen and for honey produced from 
sugar solution and nectar; and (5) 2 cupfuls of bees (approximately 
50 °). 

The cages were installed between the pink and early bloom stages 
of unfolding of fruit buds and were kept on until petal fall was com¬ 
pleted and sufficient time had elapsed for disease symptoms to 
appear. Before installing the cages, as detailed earlier in experiment 
1933s, special precautions of spraying were taken to control insects 
that might interfere with the experiment. The bees and food 
involved each season were from the same sources, except when 
specified otherwise, and were as uniform as possible. Bees from the 
same hives were used for the three seasons. To insure setting of 
fruit in the final of the 1935 series, a bouquet of McIntosh, a suitable 
pollenizer, w r as used to pollenize Rhode Island CJreening blossoms 
in each cage containing bees. 

Oozing cankers w r ere prepared by inoculating succulent Bartlett 
pear shoots in the greenhouse and transferring these shoots when 
oozing copiously to flasks containing water which were suspended 
among the blossoms. To keep the interior temperatures of the rain¬ 
proof cages near those outside, the cages were placed on the shady 
side of the trees and shade was provided wlieji necessary. 

In addition to investigating the transmission of the fire blight 
bacteria from the beehive to apple blossoms, studies were made of 
related aspects. For example: (1) The honey produced from con¬ 
taminated food in the fall of the year was fed to a nucleus hive of bees 
housed in one of the enclosures to further check on the possibility of 
bacteria overwintering in the hive. There were also used bees from 
the same colony that had produced this honey. (2) As a check on 
(1), another hive with similar bees was fed sterile sugar solution 
alone; (3) the relation of bees to the oozing canker or overwintering 
source of fire blight inoculum was tested by caging bees with an 
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i im R» 2—Special cages for the study of the factors involved in the dissemination of the primary and 
secondary inoculum of fire blight A, \ waterproof cage designed to exclude such factors as insects and 
rain from the enclosed branch, used in studies of several factors such as Insects, insect food, and cankers, 
alone or in combination, if, a screen-covered cage designed to exclude pollinating insects but to iiermit 
the entrance of rain, and adapted for studying the factors of rain, insects, and cankers in various com¬ 
binations 
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oozing canker, (4) a cheek on (3) w as made by placing an oozing cankci 
alone in a cage, (5) ram as a dissemination laetoi was tested by en¬ 
closing an oozmg canker in a scieen cage which peinutted the access 
of ram; (0) a, check for ram alone was employed, and finally (7) bees 
plus an oozing canker were enclosed in a screen cage admitting 
rainfall These studies are summarized in table 3 

Table 3 —Results of cage experiments conducted in the oichard to determine the 
role of the honeybee in the overwinU ring , primary spread, and secondary spiead of 
the fire-blight organism 1 


luitors studied 

Hoes + old honev made from tout ami noted food m 
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Bets f contaminated sucrose solution 

Bees done check 

ltam alone cluck 
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Oozing c inker -t run 

Bees4-oo/ink tanker 4-1am 
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J 5 r 
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I Iht c igexweu mst died and returned on the follow ink dates In 1933 Ma\ I3anri2f m 1931 M iv 18 uid 

29 in 19 3 r Alav 22 md lune 3 \11 tho tu,es except w here the laclor for ruin nas involved when a screen 

cage w-is cmploved were made of a transparent waterproof material Rainfall during the exnerlimntal 
penods was in 1933 on Alav 13 0 06 inch Mav 20 0 42 inch and Mav 24 0 r 2 inch m 1934 on May 22 0 01 
inch indonMi> 24 0 Winch and «n 1935 on Mav 28 0 09 inch and Max 2 > ft 03 inch 

I I olltni7ers were introduced into the c i r esonl> Iht last year butmlhc prccc din-, 2\c ars as well as in the 
li^t xeur a record w is kept of the visits made b\ the bees to flowers for time intonals of 5 minutes on sue 
ceeding d ivs I best data although not included here show thit the bees \ isittd flowers in all cages 

Blossom blight developed in (ages where the bees were fed fleshly 
contaminated sucrose solution This is evidence that the bacteria 
were earned from the beehive to the iloweis to bung about the 
infection, since no other known source of the bacteria was available 
Howevci, it is not possible to state how many bees were involved, oi 
whether the sucrose solution had fust beeji concentrated It is 
probable that certain of the*]935 infections resulted from secondary 
spiead by the bees alter some bacteria had been carried out of the 
hives to the floweis, lor from June 3 to June 9 the number of blighted 
clusters increased from 43 to 52, or approximately 20 percent 

No blossom infections occurred in the cages containing honeybees 
and honey for food that liad been produced the previous autumn 
from contaminated sucrose or honey solution These data confirm 
the results of the isolation experiments m winch it was found that 
the fire blight bacteria quickly disappear from honey elaborated 
from heavily contaminated food 
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Cage experiments to check the possibility that the bacteria may 
overwinter in the bees themselves gave negative results. The bees 
used in these experiments had consumed contaminated food the 
previous fall and were given sterile sucrose solution while in the cage. 
These results confirm those of the experiments in which it was found 
that the bacteua were not associated with the life-cycle stages of the 
insect. 

No blossom infections resulted from caging bees with oozing cankers. 
This finding is in conformity with the observations of a number of 
workers, including Jones (6‘) and Thomas and Parker (18). Appar¬ 
ently honeybees are not attracted by the bacterial ooze of the fire 
bligiit disease. In similar cages containing only the oozing cankers, 
there w T erc likewise no infections. 

Rain was found to be a factor in the dissemination of fire blight 
bacteria fiom oozing cankers to the neighboring blossoms. In 19.33 
the rainfall, which approximated 1 inch during the experimental 
period, was sufficient to cause the infection of 8.2 percent of the 
caged blossoms. The blighted blossom clusters were all in the 
immediate vicinity of the oozing canker. Subsequent trials in 1934 
and 1935 resulted in practically no infection because of the lack of 
sufficient rainfall while cankers were in the cages, it being only 0.10 
and 0.12 of an inch for these years. 

In the check for rain alone for 1933, 0 3 percent of the blossom 
clusters were blighted. These infections were traced to a canker in 
the tree abo\e and slightly to one side of the cage. Tn the 2 succeed¬ 
ing years, no infections were encountered in similar experiments. 

When the factors of oozing canker, rain, and bees were combined in 
the same cage, the percentage of infected blossom clusteis for the 
three seasons were, respecthely, 98.1, 0.5, and 2.0. The rainfall was 
sufficient only in 1933 to disseminate some of the bacteria from the 
oozing canker to the flowers in the primary spread of the organism. 
The large percentage of blossom clusters infected demonstrates the 
role of the honeybee as a secondary spreader of the bacteria from 
flower to flower. The isolated infections in 1934 and 1935 may be 
accounted for by the possible direct contact between blossoms and 
oozing canker because of their close proximity. The results of these 
experiments on the role of the honeybee as a disseminator of secondary 
inoculum are in agreement with the findings of Waite (20), Gossard 
and Walton (J), Thomas and Vansell (19), and Pierstorff and 
Lamb (10). 

From these data, it appears that the honeybee may function in 
two ways, 7 namely, (1) in carrying the bacteria from the beehive to 
flowers, and (2) in the secondary spread of fire blight inoculum from 
flower to flower. The transmission of inoculum in the first instance 
is conditioned, however, on the bees actively feeding on food con¬ 
taminated w r ith the fire blight organism. It would seem probable 
during years of blight epiphytotics that the causal bacteria may be 
carried out from the hive and initiate infections, with the insect 
apparently functioning purely in an accidental capacity. These data 
confirm tne results of the isolation experiments discussed earlier in 
which bees feeding on contaminated food harbored the organism for 

7 The honeybee may also disseminate the bacteria m another way Unpublished data show that the 
causal bacteria may infest pollen in blighting flowers even before anther dehiscence Pollen gathering 
l>ees carry such pollen from flower to flower and infection results when it lands on the stigmas of flowers, 
oven when the relative humidity of the surrounding atmospheif is extremely low 
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no longer than 1 day. The percentage of bees functioning in this 
capacity was relatively small (table 1), which would seem to indicate 
that the hazard of infections from this source is not great. 

SUMMARY 

The results of studies to determine the role of the honeybee and 
beehive in the development of the fire blight disease indicate that the 
fire blight organism is incapable of overwintering in the beehive or in 
association with the honeybee. Therefore these locations cannot con¬ 
stitute a source of primary inoculum in the spring of the year. 

This investigation extended over a period of four seasons and had 
several objectives, namely, (1) to aisco\er the longevity of the 
bacteria causing fire-blight in the beehive when introduced through 
the natural channel in the food of the bees, (2) the longe\ity of the 
bacteria in sugar solutions over a range of concentrations and tem¬ 
peratures, (3) the location of the bacteria in relation to the life cycle 
of the insect, and (4) the extent of dissemination of the bacteria from 
the beehive to flowers in cages in the orchard. 

When introduced through the food of the bees, the fire blight 
bacteria were not reisolated after 3 days from such locations as honey, 
comb, frame, and bees. Only in two instances were the bacteria reco\ - 
ered after 3 days from the time the contaminated food was taken, 
that is, from pollen at 13 days and from frame scrapings at 12 days 

The longevity of the bacteria in the sugar solutions varied with the 
incubation temperature, the sugar concentration, and the sugars used 
These data provide evidence that the survual of the bacteria in the 
beehive is highly improbable at the temperatures and sugar concen¬ 
trations normally encountered in the apiary. The bacteria survived 
for relatively short intervals (from 1 day to several weeks, depending 
on the kind of sugar and the incubation temperature) at sugar con¬ 
centrations of 30 percent and above, covering the range of heavy 
nectar to honey that would be found in the beehive. The bacteria 
ordinarily survived longest at the lower temperatures. Oi the mate¬ 
rials used, sucrose solution had the least bacteriostatic and bac¬ 
tericidal effect on the bacteria. When a synthetic culture solution 
was used as a base, the maximum sugar concentrations at which the 
fire blight organism grew in dextrose, levulose, artificial nectar, and 
sucrose were, respectively, 30, 30, 35, and 58 percent 

The fire blight bacteria were not found associated with the imma¬ 
ture stages of the life cycle of the honeybee even though an abundance 
of the bacteria were present in the food of the bees at all times during 
the rearing of the brood. 

The honeybee was found*to function in two ways, namely, (1) in 
carrying the bacteria from the beehive to flowers, and (2) in the dis¬ 
semination of fire blight inoculum from flower to flower. Transfer 
of inoculum from the beehive to flowers was conditioned, however, 
on the bees actively feeding on contaminated food. 
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LENGTH OF THE DORMANT PERlf&^N; CEREAL SEEDS 1 
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John Larson, seed analyst , Minnesota Agricultural Experiment Station 2 

INTRODUCTION 

Cereals from a great variety of sources have been used in hybridiza¬ 
tion experiments to improve the yield and quality of the grain. Little 
or no account appears to have been taken, however, of the factor of 
dormancy in the varieties used for (Tossing. Doubtless parent plants 
grown under different climatic conditions often differ in many other 
factors than those desired to combine in breeding, and these characters 
are not easily determined by the yield and quality of the grain or the 
anatomical structure of the plant. This paper deals with one such 
character—the heritable differences in the length of the rest period. 

In this study all types of summer and winter cereals, grown as 
nearly as possible under the same conditions, were used. Because 
of the large number of varieties employed it was necessary to use 
seed grown in field plots. The use of field-grown material has some 
practical advantages, for the effects on dormancy produced by con¬ 
ditions in the field may differ from those produced under controlled 
conditions in the greenhouse. 


METHODS 


Samples for testing were collected from cereals growing on field 
plots at University Farm, St. Paul, Minn. The plants were grown 
under fairly uniform conditions. 

Since it was known that the stage of maturity of the seed affects the 
length of its rest period, samples were collected at three stages of 
maturity—soft dough, hard dough, and ripe. It was not possible to 
determine these stages accurately. Collections of all varieties of a 
certain stage of maturity generally were made on the same date, which 
is recorded together with the dates of the germination trials. Spring 
wheats were collected later than winter wheats. Collections were 
made of early and of late oat varieties. 

It was thought that temporature might affect the length of the rest 
period, and each collection was accordingly stored at electrically 
controlled constant temperatures, as follows: 0°, 10°, and 20° C. 
during the experiment of 1^29; 0°, 7°, and 14° in 1930; and 0°, 10°, 
20°, 30°, and 35° for a few varieties in 1931. All the samples were 
stored in paper bags and kept in darkness except for such periods as 
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they were required for sampling. The humidity of the storage rooms 
was not determined or controlled. The storage temperature was 
electrically controlled to within ±1°. When doors were opened, the 
temperature sometimes rose as much as 2° to 3° for a few minutes. 

The probable response of the cereals to conditions of high humidity 
in the shock or stack for short periods after rains is indicated by the 
rapidity of sprouting in the germination tests. However, these tests 
were ail made at one temperature, 20° C., and it was not therefore 
possible from these data to combine the effects of high humidity with 
different temperatures in germination. Higher or lower temperatures 
combined with high humidity in wet shocks or stacks may be expected 
to modify the germination rate. 

Germination tests were made in electrically controlled germinators 
which varied less than 1 0 from 20° C. The tests were made under the 
standard conditions recommended by the Association of Official 
Seed Analysts of North America, 3 and the equipment of the Minne¬ 
sota State Seed Laboratory was used Germination counts were made 
on the third, fifth, and seventh day of the test to indicate the speed of 
germination. Tests were made at intervals to determine the length 
of the dormant period for each variety. The date^bf collection and 
determination of percentage germination are recorded, since the date 
of ripening differs from year to year. 

PRESENTATION OF DATA 

That there are great varietal differences in the length of the rest 
period in cereals not determinccl entirely by ecological or physiological 
conditions is shown by the data in tables 1 to 14. The lower the 
temperature of storage, the longer is the iest period. Gutting the 
plants while still unripe generally increases the length of the after¬ 
ripening period. 

Among the barleys (tables 1 3) there was a considerable difference 
in the rate of germination. The variety with the longest rest period 
was Trebi 448. When the plants were cut ripe only 8 percent of the 
seed germinated (table 2) after 73 days’ storage at 0° C., 18 peicent 
after 73 days’storage at 7°, 10 percent after 27 days at 14°, and 100 
percent after 52 days at 14°. Colcess 401 also had a rather long 
dormant period. Manchuria, Velvet, and Peat land had very short 
rest periods when stored at 14° even if cut in the soft-dough stage. 

Nearly all of the rye varieties (tables 4-6) showed a high germination 
percentage when cut ripe and stored at 14°. Green Select 102 and 
Prolific had the longest afterripening periods. Montagncy seems to 
be characterized by a much shorter afterripening period than other 
varieties. This is evident in early cuttings. When plants of this 
variety were cut in the soft-dough stage and the seed was stored for 
30 days 78 percent of that stored at 0° germinated and 88 percent of 
that stored at 14°. 

Oats (tables 7-10) cut in the ripe stage generally had only a short 
rest period. Gopher oats cut ripe finished their afterripening and 
germinated completely within 26 days. Tf a shorter time of storage 
should be taken, it would be difficult to separate the effects of the 
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storage temperature from the effects of the temperature during ger¬ 
mination. When oats are cut green, the rest period is increased, and 
the seed shows less tendency to sprout immediately. Low tempera¬ 
tures further increase the length of the rest period. 

Winter wheats (tables 11—13) showed great varietal differences in 
the length of their rest periods. Allowing the wheat to become fully 
ripe decreased the time required for afterripening. Winter wheats 
generally had a shorter rest period than spring wheats. Two separate 
crosses, Minard X Minhardi no. 2313 and no. 2314, to lorm the same 
hybrid between two winter wheat varieties, showed great similarity 
in their rest periods. Minturki wheat has a shorter rest period than 
Minard, which lias a shorter rest period than Minhardi. The cross 
Minhardi X Minturki has a shorter rest period than Minard X 
Minhardi. 

Minturki seed at 14° germinated with great energy after 23 days’ 
storage, whether cut in the soft-dough, hard-dougli, or ripe stages, 
but lowering the storage temperature to 0° decreased the rapidity of 
germination. Lowering the storage temperature to 7° decreased the 
rapidity of germination of that cut in the ripe stage. 

When Marquis wheat has completed its rest period, the rapidity 
or energy of germination increases; that is, a high percentage ger¬ 
minates after the seed has been held under conditions favorable for 
germination for 3 days. 

Among the spring wheat varieties (tables 11, 12, and 14), some have 
a, notably long rest period, failing to germinate until so late in autumn 
that if planted out of doors in Minnesota temperature conditions 
would prevent their germination and enforce a- dormancy until 
spring. Minduin 470, Marquillo 2202, Kubanka 2310, and Double 
Cross 2303, 2304, and 2305 have notably long rest periods. After 
storage for 2 months at freezing temperatures, they give practically 
no germination. At 7° storage the rest period is more than 2 months, 
and at 14° it is about a month. Double Cross 2315 and 2310 showed 
a slightly higher germination percentage on the third test than 
Double Cross 2303. 

When cut ripe and stored at 14°, the rest period is about 23 days 
for Kubanka 2310, Reward 2204, Supreme 2309, Ceres 2223, and 
Reliance 2308. 

From the results of 1929 and 1930 it seemed desirable to test at 
shorter intervals the germination of some varieties that had shown a 
very short rest period and to extend the range of storage temperatures 
to 30° and 35°. This was done in 3931 with a few varieties of each 
cereal. The results of the first 2 years indicated that at low tempera¬ 
tures the importance of th^length of the rest period was emphasized. 
In the experiments of 1929 and 1930 the temperatures used were such 
as occur after harvest time in northern Minnesota in certain years. 
In other years, however, the period following harvest, is very hot, 
and it was thought that temperatures of 30° and 35° probably would 
not be above those that might obtain at times in cereals in the shock. 

In winter wheat (table 13) collected in the hard-dough stage, the 
germination percentage was higher after 2 days storage at 0 fJ , 10°, and 
20° C. than after 9 days (second test) or 20 days (tliird test) storage at 
these temperatures. Evidently the seed had not gone into its deepest 
rest when collected in the hard-dough stage, and required about 
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9 days to reach maximum dormancy. When stored at 30° or 35°, 
this was not the case, and the percentage germination increased with 
time of storage except in the case of Minhardi, which did not con¬ 
sistently increase. When the seed was collected ripe, this decrease 
in germination was not found. Storage of Minturki wheat, in the 
hard-dough stage, at 30° for 9 days was as effective in breaking the 
rest period as storage for more than 40 days at 0° or 10°. At 20° the 
time required to reach 90 percent germination (7-day count) was 30 
days. For Minhardi < Minard and Minhardi X Minturki the reactions 
to storage temperatures were somewhat similar to those of Minturki. 
Storage for only 2 days at all of the various temperatures gave nearly 
the same percentage germination of winter wheat collected in the 
hard-dough stage as can be expected for such a short period of storage; 
in fact, the germination period at 20° was longer than the storage 
period. Tests at such a short storage interval as 2 days were made 
only on the hard-dough stages of winter wheat and rye. The other 
samples wen* put directly under germinating conditions at 20° on 
the day of collection. The values of this test were taken as the original 
germination percentage and tests were not again made until the lapse 
of about 1 week. 

In the data on spring wheat (table 14) collected in the hard-dough 
stage, there is also some indication of a decrease in germination per¬ 
centage on the second test. This increase in depth of the resting 
condition is indicated also in collections in the hard-dough stage in 
rye (table (>), oats (tables 9 and 10), and barley (table 3), but is generally 
not shown in the collections of ripened grain. 

The effect of the higher temperatures in speeding up the after¬ 
ripening processes is noticeable especially in collections in the liard- 
dough and ripe stage's of winter and of spring wheats, oats, and 
barley. In certain cases the liigher storage temperature seem to have 
decreased germination on the second test of rye collected in the 
hard-dough stage. The greater length of the rest period of Prolific 
N9 rye is marked. 

In oats a rest period of any considerable length was found only in 
the late varieties. The rest period was longer in North Dakota 20014 
than in any other variety. Cutting early or in the hard-dough stage 
is indicated as a possible means of increasing the length of the rest 
period, but this might be effective only if the temperature is low, for 
the rest period is quickly passed at high temperatures. 

SUMMARY 

The length of the rest period of common varieties of wheat, oats, 
barley, and rye was determined by germination tests at three stages 
of ripeness: Soft dough, hard dough, and ripe. The rest period was 
found to be longest in immature seeds. Lowering the temperature at 
which the seed was stored generally increased the length of the rest 
period. The length of the rest period varied greatly with the variety. 
Generally speaking, winter wheats had a shorter rest period than 
spring wheats. 
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Table 5. —Percentages of germination of rye varieties harvested at different stages of maturity and stored at different temperatures , 1930 

[50 seeds taken for each test] 
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Table fi. —Germination percentages of rye varieties harvested at different stages of 
maturity and stored at different temperatures , 1931 

[100 seeds collected for each test] 
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* The first test was made July 8, second test July 15, third test July 22, fourth test July 29, fifth test Aug. 
5, and sixth test Aug 12 

* Collected July 11. Spring variety 

» The first test was made July 20, second test July 28, third test Aug. 3, fourth test Aug. 10, fifth test Aug. 
17, and sixth test Aug 24. 
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Table 7 —Percentages of germination of early and late oat varieties harvested at 
different stages of maturity and stored at different temperatures , t ( )J 9 

[100 seeds taken for each test] 
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11 

21 

0 
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45 
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94 
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10 

02 
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1 
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74 

87 

27 

42 

51 

09 

58 
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08 

99 


20 

45 

19 
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72 
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7 

47 

17 
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0 

0 
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0 

10 

10 
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0 

40 
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1 
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19 

11 
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10 

24 

39 
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04 
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05 
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89 
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01 

99 



10 
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99 
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49 

00 

7 
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70 

80 
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0 r 

! 

89 
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08 
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0 

14 

2 

20 

01 

77 

0 

19 

3 

14 

« 

70 

0 

40 

0 

( 

04 







) 

24 

42 

04 


70 

22 

47 

4” 

02 

98 

44 

59 

04 

79 



27 

00 

59 

84 



44 

50 

50 

71 

0 F 

2 

10 

4 

47 

9 

41 

4 

20 

5 

41 

88 

92 

9 

22 

1 

41 

85 

8 

24 

1 

28 

0 

28 

5 

29 

I 

20 

05 

84 

14 

55 

20 

54 

77 

1 

2 

0 

3 

84 

91 

2 

12 

1 


39 

58 

1 

2 

0 

4 

84 

0 

5 

0 

r 



0 

5 

0 

5 



4 

15 

5 

19 

94 

2 

14 

0 

40 



40 

70 

0 

27 

82 

8 ( 

27 

05 

02 

80 


7 

9 

0 

24 



20 

70 

17 

55 



48 

<>8 

48 

80 


0 

4 

0 

5 



0 

8 

0 

10 



2 

4 

11 

43 

09 

1 

30 

1 

47 



2 

21 

0 

29 



12 

72 

20 

70 

98 

0 

2 

2 

8 



0 

0 

0 

0 

58 

01 

0 

1 

12 

27 


40 

54 

90 

97 



4 

7 

48' 

84 



1 

11 

74 

71 


48 

78 

89 

94 



7 

08 

*05 

89 



44 

82 

9 F 

97 


42 

55< 

> 59 

01 



45 

97 

70 

79 



54 

00 

94 

90 


22 

70 

92 

99 



14 

42 

90 

97 



15 

44 

94 

97 


32 

70 

92 

94 



10 

54 

05 

98 



21 

89 

80 

91 


0 

10 

40 

44 

92 


0 

0 

41 

05 

98 


0 

17 

93 

97 



1 f 1 arlv varieties collected July 18 late varieties July 24 

2 I arly varieties collected July 21 late varieties July 29 

J Farlv varieties collected July 20 late varieties Aug 1 

4 Begun Aug 7 ended Aug 14 

5 Begun Aug 10 ended Sept 0 
Begun Sept 23 ended Sept 10 



Table 8. —Percentages of germination of early and late oat varieties harvested at different stage ? of maturity and stored at different temperatures t 

1930 

[50 seeds taken for each test] 
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Table 9. — Germination percentages of early oat varieties harvested at different dates 
and stored at different temperatures, 19$ 1 

[100 seeds taken for each test] 

HARD-DOCGH STAGE, COLLECTED JULY 11 » 



Germination 

Germination 

Germination 

Germination 

Germination 

Germination 


in first fast 

in second last 

in third tast 

in fourth test 

in fifth test 

in sixth test 


after storage 

after storage 

after storage 

after storage 

aflor storage 

after storage 


for indicated 

for indicated 

for indicated 

for indicated 

for indicated 

for indicated 

Storage lomi>erature 

number of 

number of 

number of 

number of 

number of 

number of 

and variety 


da vs 



days 


days 



days 


days 


days 



3 

6 

7 

3 

5 

7 

3 

5 

7 

3 

5 

7 

3 

5 

7 

3 

5 

7 

0° C . 



















Double Cross 730 




1 

2 

3 

0 

4 

27 

J 

ft 

32 

1 

2 

6 

1 

7 

22 

M inrus 693 




0 

2 

18 

0 

0 

21 

1 

2 

26 

0 

1 

15 

0 

6 

25 

Gopher 671 3 _ 




40 

89 

92 

14 

72 

81 

39 

78 

86 

76 

79 

84 

57 

89 

92 

logold 711 3 — 




0 

0 

2 

0 

4 

39 

1 

2 

46 

6 

14 

36 

6 

46 

55 

10° (V 



















Double Cross 730 




0 

4 

5 

0 

0 

ft 

2 

12 

35 

3 

8 

16 

5 

36 

49 

Mmrus 693 




0 

4 

11 

0 

3 

9 

ft 

36 

53 

21 

39 

58 

8 

79 

81 

(lopher 674 3 




40 

80 

90 

31 

86 

91 

55 

90 

93 

87 

95 

99 

56 

95 

96 

logold 711 3 




0 

2 

10 

1 

8 

33 

3 

16 

18 

38 

51 

56 

54 

77 

81 

20° (' . 



















Double Cross 730 

6 

10 

21 

'2 

8 

17 

5 

28 

45 

57 

74 

87 


73 

85 

91 

99 

99 

M inrus 693 

8 

25 

47 

7 

12 

61 

6 

53 

70 

28 

67 

76 

76 

85 

90 

55 

93 

94 

Gopher 671 2 

18 

82 

86 

60 

90 

98 

85 

91 

93 

88 

93 

93 

97 

98 

98 

95 

99 

99 

logold 71 l 3 - 

0 

« 

21 

0 

20 

43 

15 

53 

69 

73 

88 

89 

87 

91 

96 

88 

98 

98 

iK) ^ 

Double Dross 7'M) 

_ 



20 

69 

74 

71 

95 

99 

89 

97 

99 

100 



92 

98 

98 

M inrus 693 




21 

54 

69 

25 

88 

91 

53 

89 

94 

96 

96 

97 

72 

97 

97 

Gopher 671 3 




42 

84 

93 

92 

98 

99 

93 

98 

98 

100 



96 

98 

99 

logold 711 2 _ 




52 

68 

79 

73 

89 

94 

83 

97 

99 

98 

98 

98 

84 

99 

1(H) 

36° ( ' ' 



















Double Cross 730 




13 

52 

61 

81 

89 

93 

94 

1(H) 


1(H) 



98 

1(H) 


Minrus 693 . 




15 

36 

49 

23 

84 

91 

79 

99 

99 

91 

99 

99 

64 

92 

95 

Gopher 674 3 _. 




4(1 

75 

80 

83 

93 

95 

92 

100 


1(H) 



92 

98 

98 

logold 71 l 3 . 




68 

89 

95 

69 

95 

98 

91 

97 

100 

99 

100 


91 

99 

99 



RIPE STAG 

R, COLLED' 

m> JULY 22 3 







1 

0° C.: 

Double Cross 730 1 




34 

67 

68 

12 

55 

77 

23 

75 

SI 

13 

88 

94 

77 

94 

96 

Minms 693 . . 




7 

56 

63 

4 

52 

77 

16 

77 

86 

28 

83 

90 

69 

90 

93 

Gopher 674 3 . . 1 




96 

99 

99 

81 

Hn 

98 

93 

98 

98 

93 

95 

96 

92 

97 

97 

logold 711 2 . 




42 

73 

79 

39 

81 

91 

69 

93 

93 

88 

99 

99 

88 

95 

95 

10° C. 



















Double < ross 730 



_ 

28 

51 

54 

5 

44 

if> 

31 

86 

90 

62 

90 

93 

92 

96 

96 

M inrus 693 




16 

53 

68 

2 

38 

67 

19 

83 

87 

41 

90 

90 

83 

99 

99 

(lopher 674 2 



. 

84 

80 

88 

83 

9ft 

95 

96 

98 

99 

90 

95 

96 

88 

92 

92 

logold 711 3 . 




42 

74 

80 

15 

72 

80 

82 

98 

98 

88 

96 

96 

92 

95 

96 

20° CV 



















Double Cross 730 

1 

21 

2ft 

46 

78 

80 

74 

92 

93 

89 

99 

100 

98 

99 

99 

100 



M inrus 693 

0 

11 

35 

29 

79 

82 

32 

92 

96 

63 

1(H) 


91 

100 

_ 

93 

r 95 * 

95 

Gopher 674 3 

74 1 

97 

99 

2 

17 

22 

98 

99 

99 

97 

98 

98 

100 



93 

98 

99 

logold 711 C. 

•mo r 

1 

10 

SO 

0 

2 

5 

90 

96 

96 

90 

94 

94 

83 

99* 

'99" 

96 

97 

97 

iMI vv, 

Double (Voss 730- 




89 

96 

96 

95 

98 

98 

100 



98 

1(H) 


100 



M inrus 693- 

. 

. 


72 

99 

99 

73 

100 

_ 

90 

100 


95 

99 

*99* 

86 

*98 

98 

Gopher 674 3 

. 

_ 


100 



96 

99 

100 

98 

99 

99 

97 

97 

97 

98 

100 

_ 

logold 711 3 . 




87 

96 

96 

97 

99 

99 

100 



100 



96 

99 

99 

36° C.: 



















I Jouble Cr )ss 730 

-- 



96 

97 

97 

99 

99 

99 

98 

100 


99 

100 


100 

- 

„. _ 

M inrus 693 - - 



. 

76 

93 

95 

94 

98 

99 

96 

99 

99 

95 

100 


92 

98 

98 

Gopher 674 3 _ . 


. 

_ _ 

100 



96 

97 

98 

93 

1(H) 


94 

97 

97 

90 

9ft 

97 

logold 711 3 . 


- 


88 

98 

98 

97 

100 

- 

99 

100 

- 

99 

100 


96 

99 

99 


‘ The first test was made July 11, second test July 18, third test July 25, fourth test Aug 1, fifth test Aug. 8, 
sixth test Aug. IS 
3 Collected July 8. 

3 The first test was made July 22, second test July 30, third test Aug. 5, fourth test Aug. 12, fifth test Aug. 19, 
and^sixth test Aug. 26. 
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Table 10.- -Germination percentages of late oat varieties harvested at different dates 
and stored at different temperatures , 1931 

I UK) seeds taken for each tost] 

1IARD-J>01T(}1I STAGE, GOLLEGTED JULY 13* 



Germination 

Germination 

Germination 

Germination 

Germination 

Germination 


in first test 

in second test 

in third test 

in fourth test 

in fifth test 

in sixth test 


aft or storage 

after storage 

after storage 

after storage 

after storage 

after storage 


for indicated 

for indicated 

for indicatod 

for indicated 

for indicated 

for indicated 

Storage temperature 

| number of 

1 number of 

number of 

number of 

number of 

number of 

and \ariety 


days 



days 



days 


days 



days 


days 



3 

f) 

i 

i 3 

5 

7 

3 

r, 

7 

3 

5 

7 

3 

5 

7 

3 

5 

7 

0° V : 










i 









Anthony 686. . 

Russian Green 




0 

0 

1 

0 

| 

20 

0 

0 

•» 

0 

2 ; 

11 

0 

o 

7 








713_ .. 




0 

15 

24 

l 

42 

55 

0 

6 

30 

0 

5 

39 

0 

13 

55 

Victory 514 

North Dakota 


-- 


0 

7 

17 

0 

21 

42 

0 

0 

14 

0 

2 

7 

0 

3 

21 

20014 . 




0 

0 

2 

0 

0 

1 

0 

0 

0 

0 

0 

1 

9 

9 

16 

10° C.: 



















Anthony 686.. . 
Russian Green 




» 

0 

0 

0 

5 

7 

1 

4 

10 

i ; 

12 

28 

0 

40 

58 

713 




1 

4 

6 

2 

28 

62 

2 

31 

46 

3 

41 

52 

15 

77 

87 

Victory 514 . 
North Dakota 




0 

0 

0 

0 

8 

22 

0 

4 

20 

1 

8 

20 

9 

48 

60 

20014 . . . 




0 

0 

0 

0 

0 

8 

0 

1 

3 

1 

10 

21 

6 

49 

57 

20° C : 



















Anthony 686 . 
Russian Green 

0 

2 

16 

0 

0 

0 

0 

7 

26 

0 

9 

35 

1 

38 

05 

24 

80 

89 

713_ 

0 

4 

23 

4 

20 

26 

6 

43 

71 

5 

59 

73 

12 

08 

70 

44 

89 

92 

Victory 514 . 
North Dakota 

0 

4 

18 

0 

2 

14 

0 

11 

36 

1 

28 

42 

34 

77 

83 

00 

95 

98 

20014 . 

0 

0 

1 

0 

0 

0 

0 

0 

5 

0 

7 

21 

2 

38 ! 

46 

41 

83 

89 

30° (\: 



















Anthony 686 . . 
Russian Green 


... 

- 

14 

70 

8! 

43 

79 

85 

03 

86 

86 

95 

99 

99 

9G 

99 

99 

713 . 




27 

75 

83 

77 

'i\ 

94 

77 

94 

95 

88 

100 


88 

98 

90 

Victory 514 

North Dakota 




0 

14 

51 

45 

82 

88 

50 

55 

56 

90 

99 

99 

95 

99 

99 

20014 ... 

OP.O / 8 



- 

0 

6 

13 

23 

70 

79 

71 

89 

90 

94 

99 

99 

92 

100 


lit) l 

Anthony 686 
Russian Green 

- 



12 

74 

76 

78 

89 

90 

73 

91 

91 

78 

97 

97 

96 

100 


713_ 




13 

69 

78 

.50 

96 

98 

73 

97 

97 

06 

1(H) 

_ 

84 

97 

98 

Victory 514 . . 
North Dakota 



- 

8 

50 

00 

07 

01 

93 

53 

91 

93 

78 

91 

92 

77 

97 

97 

20014 _ 

... 

— - 

- 

16 

37 

.50 

64 

80 

87 

64 

92 

95 

81 

92 

93 

94 

99 

99 


1 The first test was made July 13, second test July 20, third test July 28, fourth tost Auk 3, fifth test Aug. 
10, and sixth test Aug 17 
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Table 10 — (Urmmatnm perantagc s of late oat varieties harvested at different dati s 
and stored at differtnl temperatures , 193J —Continued 

[100 seeds taken for each test] 

RIPE STAGE, COLLECTED JUL\ 22 * 



Germination 

Germination 

Germination 

Germination 

Germination 

Germination 


in first test 

in second tost 

in third test 

m fourth test 

in fifth test 

in sixth test 


after storage 

after storage 

after storage 

after storage 

after storage 

after storage 


for indicated 

for indicated 

for indicated 

for indu ated 

for indicated 

for indicated 

Storage temiwrature 

number of 

number of 

number of 

number of 

number of 

number of 

and variety 


days 

days 



days 

days 



days 


days 



3 

1 

7 

3 

1 

7 

3 

5 

7 

3 

1 

7 

3 

1 

7 

3 

1 

7 

0° r 



















Anthony 080 
Russian Green 




0 

0 

13 

0 

1 

29 

9 

19 

67 

4 

50 

74 

30 

80 

91 

713 




0 

38 

48 

0 

22 

07 

0 

71 

80 

<1 

08 

87 

31 

84 

88 

\i(torj 114 

North Dakota 




1 

4 

11 

0 

8 

41 

3 

63 

71 

1 

GO 

79 

11 

83 

83 

20014 




0 

0 

3 

0 

2 

7 

0 

6 

19 

1 

10 

34 

1 

18 

72 

10 ° ( 
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21 

32 

0 

30 

(>0 

12 

73 

77 

19 

80 

81 

29 

93 

90 

7H 




3 

11 

61 

4 

09 

92 

8 

84 

90 , 

^37 

94 

97 

80 

99 

99 

^ if lory 114 

North Dakota 




0 

7 

11 

0 

9 

34 

0 

77 

84 

** 

rtl 

88 

28 

97 

99 

2(K)14 
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1 

3 

0 

8 

17 

0 

47 

00 

<1 

(>4 

74 

41 

84 

80 

20° C 

















t 


\nt bony 086 . 
Russian Green 
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0 

19 

2 

37 

43 

11 

81 

89 

82 

91 

l 

91 

82 

99 

99 

84 

94 

91 

7H . 

1 

30 

17 

! 1 

71 

71 

12 

79 

87 

77 

91 

90 

77 

97 

99 

98 

100 


Victory 114 

North Dikota 

0 

1 

11 

97 

1 

99 

99 

0 

38 

62 

30 

90 

97 

79 

100 


92 

<18 

<18 

20014 

0 
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19 

74 

81 

0 

17 

18 

43 
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9G 

74 

93 

94 

92 

94 
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98 
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88 

89 

99 
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98 

UK) 
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91 

97 

80 
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97 
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97 
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98 

100 


Victory 114 

North Dakota 




70 

91 

90 

92 

98 

98 

81 

91 

i 91 

81 

100 


<12 

99 

99 

20014 




39 

80 

81 

62 

90 

97 

98 

99 

99 

90 

98 

99 

93 
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97 
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98 
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97 
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99 

91 
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98 
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\ itlorv 114 

North Dakota 




81 

91 

91 

92 

97 

97 

97 

100 


99 
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93 

100 


20014 




24 

81 

91 

93 

99 
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98 

KX) 


99 
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99 

100 


— 
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- ... 
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__ 


__ 
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The first test vvas made July 22, second test July 10 third test Aug 1 fourth test Aug 12 fifth test Au* 
19, and sixth test Aug 20 



Table 11 . Percentages of germination of winter and spring wheat varieties harvested at different stages of maturity and stored at different 

temperatures , 1929 

f 100 seeds taken for each testj 


June i, 1936 Length of the Dormant Period in Cereal Seeds 
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Table 11 —Percentages of germination of under and spring uheat larieties hat vested at different stages of maturity and stored at different 

temperatures , 1929 —Co n 1 1 n ued 




June 1,1936 Length of the Dormant Period in Cereal Seeds 
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T\ble 12 Percentages of germination of ninter and spring uheat tarieties harie^ted at different dagc* of maturity and stored at different 

*emperatme « 1930 
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Table 13 .—Germination percentages of winter wheat varieties harvested at different 
dates and stored at different temperatures , 1981 

1100 seeds taken for each test] 

11 MID-DOUOU STAGE, COLLECTED JULY «i 


I 



Germination 

Gerininat ion 

Germination 

Gerininat ion 

Germination 

Germination 


in first test 

in second test 

m third test 

in fourth tost 

in fifth test 

in sixth test 


aft er storage 

after storage 

after storage 

after storage 

after storage 

ufter st oruge 

Storage temj>erature 
and variety 

for indicated 

for indicated 

for indicated 

for indicuted 

for indicated 

for indicated 

uumber of 

number of 

number of 

number of 

number of 

number of 


days 



days 


days 


days 


days 



days 



3 

* 

7 

3 

*’ 

7 

3 

5 

7 

3 

5 

7 

3 

» 


3 

8 


0" C. 



















Minturki 1507 . 

6 

20 

28 

0 

0 

1 

0 

7 

ii 

12 

32 

37 

30 

64 

83 

75 

79 

85 

Mmhardi 1505. 

1 

9 

14 

0 

0 

2 

0 

0 

0 

0 

0 

2 

j 

7 

21 

10 

21 

32 

Minard 2199 . 
Minhurdi X 

10 

34 

44 

3 

6 

8 

3 

9 

13 

2 

9 

11 

1 

6 

14 

28 

41 

53 

Minturki 2312 

2 

11 

14 

0 

0 

3 

1 

7 

9 

1 

0 

11 

7 

17 

31 

2(5 

48 

1 U1 

10° c 

















Minturki 1507 

4 

15 

20 

0| 

0 

3 

0 

0 

4 

9 

17 

29 

22 

40 

58 

85 

93 

94 

Minhardi 1505.. 

0 

4 

10 

0 

0 

0 

0 

0 

2 

3 

4 

12 

1 

3 

7 

13 

35 

41 

Minard 2199... 
Minhardi X 

9 

29 

49 

I 

2 

3 

1 

9 

15 

2 

7 

14 

2 

22 

24 

21 

34 

35 

Minturki 2312 

0 

5 

13 

0 

0 

0 

0 

1 

5 

J 

(5 

20 

0 

8 

13 

37 

(51 

67 

20" C.: 


















Minturki 1507 . 

3 

10 

20 

1 

3 

6 

8 

22 

33 

43 

59 

72 

7(5 

88 

90 

94 

KM) 


Minhardi 1503 _ 


11 

14 

0 

0 

2 

0 

2| 

2! 

1 

4 

10 

2 

(5 

20 

33 

(51 

(57 

Minard 2199_ 

Minhardi X 

13 

35 

48 

0 

c 

1 

0 

6 

8 

15 

52 

02 

24 

1 ^ 

78 

89 

98 

98 

Minturki 2312 

2 

9 

11 

0 

0 

0 

3 

4 

8 


21 

31 

30 

69 

87 

89 

92 

9(5 

30° C.. 



















Minturki 1507.. 

4 

17 

20 

08 

80 

91 

82 

95 

97 

97 

99 

99 

99 

100 


100 



Minhardi 1505. . 

4 

13 

21 

0 

5 

12 

8 

45 

59 

8(5 

9(5 

99 

95 

KM) 


98 

100 


Minard 2199 .. 

Minhardi X 

6 

20 

31 

05 

73 

82 

73 

91 

94 

98 

100 

... 

100 


— 

100 


~ 

Minturki 2312 
35" C : 

3 

12 

13 

35 

49 

04 

73 

87 

91 

97 

KM) 

- 

1(50 


- 

100 

- 


Minturki 1507.. 

7 

19 

23 

45 

57 

70 

84 

97 

98 

97 

100 


99 

KM) 


100 



Minhardi 1505 . 

0 

4 

6 

0 

5 

9 


53 

08 

92 

99 

99 

98 

100 


97 

97 

97 

Minard 2199 
Minhardi X 

8 

27 

40 

23 

30 

39 

50 

83 

86 

85 

97 

98 

98 

99 

100 

100 

- 


Minturki 2312 

3 

12 

14 

44 

54 

66 

71 

89 

92 

90 

98 

99 

99 

99 

99 

100 

-- 




RIPE STAGE, COLLECTED JULY J 

1(5 2 







0° C . 

Minturki 1507 




20 

37 

07 

00 

82 

80 

94 

98 

99 

90 

KM) 


KM) 



Minhardi 1505 




0 

0 

2 

2 

3 

8 

() 

24 

31 

2 

14 

39 

33 

59 

60 

Minard 2199 

M inhurdi X 



- 

52 

58 

74 

44 

57 

03 

7(5 

87; 

91 

70 

93 

96 

89 

93 

96 

Minturki 2312 




7 

11 

22 

11 

20 

24 

30 

55 

02 

34 

84 

91 

8(5 

9i 

93 

10° <\: 



















Minturki 1507 




33 

40 

78 

78 

83 

87 

95 

100 


95 

99 

99 

99 

100 


Minhardi 1505 




0 

1 

J3 

0 

0 

2 

(5 

14 

22 

J 

15 

33 

47 

5(5 

58 

i Minard 2199. . 


_ 


22 

30 

52 

27 

48 

58 

83 

88 

93 

8(5 

90 

99 

89 

95 

9(5 

M in hard i X 



















Mmturki2312 




1 

6 

16 

11 

19 

23 

70 

77 

84 

71 

89 

90 

88 

92 

93 

20° CV 



















Minturki 1507 

10 

41 

40 

78 

94 

97 

100 



99 

99 

99 

99 

100 


100 


_ 

Minhardi 1505. 

0 

3 

15 

4 

13 

25 

4 

12 

13 

33 

69 

74 

55 

91 

94 

90 

93 

95 

Minard 2199 ._ 

10 

40 

45 

52 

59 

73 

78 

80 

91 

97 

99 

100 

J00 



98 

99 

99 

Minhardi X 



















Minturki 2312 

0 

0 

0 

20 

33 

53 

20 

43 

54 

80 

89 

92 

87 

99 

99 

97 

97 

97 

30° C.: 



















Minturki 1507... 




90 

98 

99 

100 



100 



100 



100] 



Minhardi 1505__. 




3 

11 

20 

62 

78 

82 

100 



100 



100 



Minard 2199_ 

Minhardi X 

: ’ 


- 

87 

90 

95 

100 


100 

... 

- 

100 

- 


100 

- 



Minturki 2312 




59 

69 

95 

98 

99 

(V 

100 



100 


_ 

100 

_ 

. . 

35° O.: 











i 







Minturki 1507 . 




90 

98 

99 

100 



100 



100 


_ 

1(M) 


_ 

Minhardi 1605. 




3 

14 

40 

83 

89 

92 

100 

, 


100 


.. 

100 

__ 

_ 

Minard 2199_ 




91 

91 

95 

100 

. . 


100 

I 



100 



100 


_ 

Minhardi X 














Minturki 2312 


- 


66 

72 

91 

100 

1 

- 

100 

— 

1 

100 

, 


100 


... 


1 The first test was made July 8, second test July 15, third test July 22, fourth test July 29, fifth test Aug. 
5, and sixth test Aug. 12. 

a The first test was made July 10, second test July 23, third test July 30, fourth test Aug. 6, fifth test Aug. 
13, and sixth test Aug. 20. 
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Table 14 .—Germination percentages of spring wheat varieties harvested at different 
dates and stored at different temperatures f 1981 

1100 seeds taken for each test J 
HARD-DOUGH STAGE, COLLECTED JULY 13 i 


Storage temiwrature 
and \ ariety 

Germination 
in first test 
after storage 
for indicated 
number of 
days 

Germination 
in second test 
after storage 
for indicated 
number of 
days 

Germination 
in third test 
after storage 
for indicated 
numlier of 
days 

Germination 
in fourth test 
after storage 
for indicated 
number of 
days 

Germination 
in fifth test 
after storage 
for indicated 
number of 
days 

Germination 
in sixth test 
after storage 
for indicated 
number of 
days 

3 

5 

7 

3 

5 

7 

3 

5 

7 

3 

5 

7 

3 

5 

7 

3 

5 

7 

0° (\: 

Marquis 1239 _ 




0 

0 

0 

0 

0 

0 

0 

2 

3 

0 

0 

3 

0 

3 

11 

Reward 2204 

_ 

. . 

.. 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

1 

3 

4 

5 

Kubanka 2310. 

_ 


_ 

19 

33 

36 

0 

22 

44 

0 

10 

42 

1 

18 

45 

0 

1 

44 

Double Cross 2304. 



.. 

1 

4 

6 

0 

2 

6 

0 

0 

2 

1 

1 

2 

1 

1 

4 

10° (V 



















Marquis 1239. . .. 

. 

__ 

.. 

0 

0 

1 

0 

1 

3 

0 

0 

1 

1 

3 

8 

4 

5 

12 

Reward 2204 ... 

_ 

_ 

. 

0 

1 

2 

1 

1 

3 

0 

1 

2 

1 

4 

6 

0 

2 

7 

Kubanka 2310 ... 

. 


_ 

0 

15 

15 

0 

9 

35 

0 

6 

52 

0 

7 

44 

0 

5 

34 

Double Cross 2304. 




0 

0 

7 

0 

3 

7 

0 

1 

4 

0 

0 

2 

0 

0 

13 

20° C : 













* 

r 





Marquis 1239 ... 

0 

2 

K 

0 

0 

2 

0 

0 

2 

0 

0 

2 

4 

16 

35 

28 

42 

58 
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1 The first test was made July 13, second test July 20, third test July 28, fourth test Aug. 3, fifth test Aug. 
10, and sixth test Aug. 17. 

* The first test was made July 22, second test July 30, third test Aug. 6 , fourth test Aug. 12, fifth test 
Aug. 19, and sixth test Aug. 26. 


















THE ESTIMATION OF THE HEAT PRODUCTION OF 
CATTLE FROM THE INSENSIBLE LOSS IN BODY 
WEIGHT 1 

By H. H. Mitchell, chief in animal nutrition, and T. S. Hamilton, associate m 
animal nutrition, Department of Animal Husbandry, Illinois Agricultuial Experi¬ 
ment Station 2 

INTRODUCTION 

The mere instrumental errors incurred in measuring the heat 
elimination or the respiratory exchange of farm animals, amounting 
to 1 or 2 percent or less, are not factors of great moment among the 
many involved in the errors attached to the final significant calcu¬ 
lations. Tlio interpretive errors incurred in estimating heat pro¬ 
duction from heat elimination or respiratory exchange are possibly 
greater, although their precise magnitude is impossible to assess in 
the absence of a direct method of measuring heat production. How¬ 
ever, what might be called the biological errors in animal calorimetry 
are by far the most serious, both because of their magnitude and be¬ 
cause of the difficulty involved in their removal. These errors are 
incurred when successive comparative observations are made upon 
the same animal, but are probably revealed in their greatest magni¬ 
tude only when similar observations are made upon a number of 
animals. 

If a steer is put into a respiration chamber for 2 or 3 consecutive 
days under the same conditions of feeding and management, the 
daily estimates of heat production will of course not be identical, 
even when corrections for \ ariable muscular activity, insofar as this 
is measurable, are applied. The average differences between the 
results for successive days will be 2 or 3 percent, while in individual 
cases deviations as high as 5 percent are not uncommon. Through¬ 
out the publications of the Institute of Animal Nutrition of Pennsyl¬ 
vania State College individual differences between animals with ref¬ 
erence to activity, digestive ability, basal metabolism, and heat in¬ 
crement following feeding are repeatedly cited and discussed. From 
four recent publications {8, !), 10, 11) ' the writers have computed 
an average percentage difference of 7.1 between pairs of determina¬ 
tions on different steers of the net energy value of rations for mainte¬ 
nance, with individual differences as high as 13.9 percent. The ear¬ 
lier work of Armsby (1) show’s even wider individual differences (up 
to 24 percent) and other laboratories have reported the same expe¬ 
rience. Thus Kleiber (16) has calculated a coefficient of variation 
of 11 percent exhibited by a series of 11 determinations of the net 
energy value of starch reported by Kellner fcnd Kuhn. This coeffi¬ 
cient means that the occurftuice of deviations of as much as 22 per¬ 
cent between individual and average net energy values is not highly 
improbable. 

1 Received for publication Nov 14, 1935, issued Julv 1930 

2 The writers take great pleasure in acknowledging the assistance of members of the Animal Nutrition 
Division in carrying out the exacting experiments reported herein Particular credit is due W T Haines, 
who assumed much of the responsibility of the care for the animals, the proper condition of the respiration 
apparatus, and the analyses of the chamber air 

2 Reference is made by number (italic) to Literature Cited, p 853. 
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Thus it appears that the significant technical problems of animal 
calorimetry relate, not to the diminution of instrumental errors, but 
more particularly to the diminution of the inherent biological errors 
or to the reduction of their effect upon the final calculations. The 
latter plan is the more practicable and the one more likely to justify 
itself. The effect of the biological errors upon the final average re¬ 
sults of calorimetric work (net energy values, maintenance, and pro¬ 
duction requirements) may be diminished by increasing the number 
of animals upon which measurements are made. But, for purely 
practical reasons, any considerable increase in the number of experi¬ 
mental subjects must be accompanied by a decrease in the time, labor, 
and expense involved in securing individual measurements. 

What appears to be a promising method of estimating the heat 
production of animals in a simple manner rests upon the determina¬ 
tion of the so-called “insensible perspiration” or, better, “insensible 
loss in body weight.” This loss in weight is the result of the gaseous 
exchange between an animal and its environment, and is equal to 
the difference in weight between the gases emitted from the body 
(carbon dioxide, water vapor, and methane) and the oxygen taken 
in. Over short periods the insensible loss in weight may be meas¬ 
ured by placing the animal upon a sensitive balance and noting the 
loss in weight, but this simple method is inapplicable over long pe¬ 
riods, since normally sensible accretions (food and water) and excre¬ 
tions (feces and urine) to and from the body will occur. The insen¬ 
sible loss in weight over periods of days or weeks may be obtained by 
weighing the animal at the beginning and at the end of the desired 
period, together with all food and water consumed and urine and 
feces excreted. The insensible loss in weight is then computed from 
the following equation: 

1= {By+N+ W)— ( B 2 + U+F) 

in which I is the insensible loss in body weight, B x and B 2 the initia 
and final body weights, respectively, N the food intake, W the intake 
of water, V the output of urine, and F the fecal excretion. If the 
insensible loss in body weight may be used successfully in the predic¬ 
tion of heat production, it is evident that a simple gravimetric 
method has replaced the elaborate and laborious technique of direct 
and indirect calorimetry. 

The relation between the insensible loss in weight and the heat 
elimination of an animal relates entirely to one factor in this loss, 
namely, the water vapor. The significance of this factor in the predic¬ 
tion of the total heat elimination resides in the observation, repeatedly 
recorded in the literature, that the percentage of heat eliminated 
from an animal in the vaporization of water from the skin and the 
respiratory tract is remarkably constant, biologically speaking, Under 
more or less restricted conditions. A historical discussion of this liter¬ 
ature has been prepared by Benedict and Root (4), while discussions 
of the nature of the insensible loss in weight and of the conditions 
affecting it have been offered by Benedict and Wardlaw (5), Benedict 
(£), and Kuno (19). 

The relation between the water vaporized from the body and the 
insensible weight loss is a function of the respiratory quotient and of 
the percentage of the heat elimination* represented in the vaporized 
water, disregarding for the moment the excretion of methane in 
rwjiinants. 
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It may be shown 4 that the ratio of vaporized water to insensible 
loss is represented by the following expression: 


W_ ce 

I ce+L1466r-0.Sm 


* The derivation of formulas concerned with the relations existing between the insensible lass in ln»dy 
weight, the water vaporized, and the heat production follows- 
1. The ratio of water vaporized to the insensible lass in body weight 
T^et a = liters of OO 2 produced 
b — liters of O 2 consumed 

refraction of total heat lost as vaporized water 
i=latent heat of vaporization per gram of water 
e = heat equivalent of a liter of oxygen consumed 

= 4.686+1 23^-0 707^ 

h = heat produced = be 
w=* weight of water vaporized 
/^insensible loss in body weiirht 
Then, total heat of vaporization —bet 

total water vaporized 
bee 

insensible loss = i=-^ +1 ft76ft« —1 42906 (1) 

bee 

M'_ rf (2) 

1 bC f+] 976fta-1.4 2906 
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lfrf^O 58ft 
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Then 
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2 The fraction (V) of total heat lost as vaporized water 
From equation (4) 
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Combining (5) and (8) 
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Dividing by w and multiplying by h 
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4 The heat produced 

From (8) 

ch 

(13) 
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Combining (12) and (13) 


(14) 

Simplifying 

V _ iC 

(16) 


Note. —The absolute density of CO 2 is equivalent to'1.976ft g. i>er liter according to the International 
Critical Tables (50, v. 5). If, as Kleiber (16, p. 11) believes, the theoretical value of 1.9652 is preferable to 
use in this.connection, because of the small concentration in which COj occurs in chamber air, the formulas 
developed above may be readily changed accordingly. 
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in which c is the fraction of the total heat that is lost as vaporized 
water, e is the calorie equivalent of a liter of oxygen consumed (and 
is a function of r for respiratory quotients between 0.7 and 1), and r 
is the respiratory quotient. For purposes of illustration, the value of 


W 

T 


expressed as a percentage, is given in table 1 for various values of 


c and r. 


Table 1 — The percentage of the insensible weight loss represented by vaporized 
water for various values of c and r 
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For a respiratory quotient of 0.723, the weight of C0 2 emitted and 
of () 2 consumed are equal, so that at this respiratory quotient the 
insensible loss measures exactly the vaporized water. At lesser 
respiratory quotients the insensible loss is less than the weight of 
vaporized water, w T hile at greater respiratory quotients it is greater, 
until for a respiratory quotient of 1, the vaporized water accounts for 
only 70 to 89 percent of the insensible loss as the percentage of heat 
lost in vaporization varies from 20 to 50. It is evident also that as 
the latter percentage increases, the weight of \aporized water tends 
to approach the insensible loss in weight at any respiratory quotient. 

Although Benedict and Root (4) proposed a method of estimating 
the basal heat production of adult humans from the insensible loss 
in body weight, and Levine and others (22, 23, 24, 25) proposed a 
similar method for infants, Newburgh and his associates (14, 32, 33) 
have perfected the method and extended it to the determination of 
the total heat production for the day and for even longer periods, 
and have studied the effect of many conditions, in both nude ami 
clothed subjects, on the relationship of insensible water and heat 
eliminated. Their success in particular inspired the investigations 
reported in this paper. 

Previous studies of the relationship between the insensible loss in 
body weight and the heat production of cattle have not indicated a 
correlation sufficiently close to insure an acceptable prediction of the 
latter from the former. However, both Benedict and Ritzman (3, 
]). 75) and Kriss (17,18) expressed the opinion that a variable environ¬ 
mental temperature may have been a disturbing factor, while Kriss 
further noted the disturbing effect of a variable hair coat, an observa¬ 
tion confirming previous work from the same laboratory (7) as w r ell as 
the results of Lef&vre and Auguet (21) on sheep. In the nude human 
subject Wiley and Newburgh (S3) noted a steadily increasing per¬ 
centage of heat lost in vaporization as the environmental temperature 
increased up to 30° to 31° C., at which point visible perspiration 
appeared and initiated a marked acceleration in the rate of increase. 
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In the clothed subject, however, the percentage was not appreciably 
disturbed within the range of 18° to 30° C. Kayser (IS) observed in 
pigeons and rabbits a curvilinear relationship between environmental 
temperature and the ratio of vaporized water to oxygen consumed, 
while Lefevre and Auguet (21) showed that in sheep also, whether 
sheared or unsheared, the percentage of heat lost as latent heat of 
vaporization increased with the surrounding temperature. 

While increasing environmental humidity continuously depresses 
the evaporation of water from the skin of the nude human subject 
(S3), in the clothed human subject a variation in humidity from 20 
to 60 percent has no such effect. Also, in ewes carrying a heavy 
fleece, the evaporation of water is not depressed by increasing the 
humidity of the surrounding air until values of 80 to 90 percent are 
attained, according to Leftvre and Auguet (20). On the other hand, 
extreme dehydration of the body may depress the evaporation of 
water from the surface (12, 26, 28, 31). The effect of the intensity of 
heat production on the loss of heat in the vaporization of water does 
not seem to be considerable, if appreciable at all (13, 33). This phase 
of the subject, however, evidently requires further study. 

Undoubtedly these and other disturbing factors are responsible for 
the occasional erratic values obtained for the ratio of basal insensible 
perspiration to basal metabolism in humans observed by Magendantz 
(27), as well as for the many other instances of the same nature cited 
by him from other laboratories. 

PLAN OF THE EXPERIMENT 

The accuracy of any prediction of the heat production of an animal 
from its insensible loss in body weight rests upon the constancy of the 
proportion of the total heat emitted as vaporized water It seems 
evident from previous work that this proportion varies with environ¬ 
mental conditions, particularly with environmental temperature, and 
that animals other than the clothed human subject are particularly 
subject to these environmental changes 

The steers serving as subjects of these experiments were, therefore, 
confined in an air-conditioned and insulated room, in which tempera¬ 
ture could be maintained constant within 2° or 3° F. and relative 
humidity within 5 or 6 percent. The urine and feces were collected 
beneath the floor of the room in such a way as to minimize the evapora¬ 
tion of water. The steers were weighed daily on scales accurate to 
0.25 pound, situated immediately outside of the stall room door. The 
day’s urine and feces were weighed, for each steer, at the exact time* 
the body weight was taken. The time spent by each steer in the 
standing position was measured by an electric clock, the current to 
which was shut off by an arrangement of chains and pulleys as long 
as the steer remained in the recumbent position. 

Water was offered the steers daily after securing their body weights, 
and the amount consumed was determined by immediately reweighing. 
The steers were fed twice daily. In most of the experiments reported 
below, both feed and water were brought to the temperature of the 
air-conditioned room before they were consumed. 

The ration fed, which was varied in different experimental periods, 
consisted of varying proportions of com and chopped alfalfa hay with 
small additions of salt (28 or 56 g daily). In periods in which small 



842 


Journal of Agricultural Research 


Vol 52, no 11 


proportions of alfalfa were fed, small amounts of bonemcal and eod- 
liver oil were also given, while in the later periods, when it was desired 
to increase feed consumption to the limit of capacity, brown sugar was 
fed at the rate of 100 g per meal. However, this attempt to increase 
the palatability of the ration was not accompanied by any appreciable 
measure of success. 

The plan of the experiment was to determine the insensible loss in 
body weight of each steer in a period on constant feed, lasting 14 days 
or longer, and to measure also the heat production and gaseous 
exchange of the steer on the same level of feed, generally during a 72- 
hour confinement in the respiration chamber previously described 
(29). The latter determination was made at a time (either before or 
after) as close to the former as was feasible with the* equipment 
available. During the former period (or for at least 2 weeks of it) the 
urine and feces of the steer were quantitatively collected, and samples 
of them, as well as of the feed, were analyzed for nitrogen and their 
heats of combustion were determined in the bomb calorimeter. Two 
such comparative determinations between insensible loss in body 
weight and heat production were made upon three of the four steers, 
and thre<» determinations upon the other. 

In the preliminary experiments, involving maintenance levels of 
feeding, the methane production was not determined and no account 
of it was taken in the computations of heat production or in the inter¬ 
pretation of the insensible loss in weight. However, in the main 
experiments the methane content of the outgoing air was determined 
gasometrically, and the inethane production was considered in all 
the computations of indirect calorimetry, as previously described (29), 
and in the interpretation of the insensible loss in body weight. 

RESULTS OF THE EXPERIMENT 

In preliminary experiments, extending over 2 years, an investiga¬ 
tion was made of the factors affecting the insensible loss in body 
weight, since these would be the factors that must be controlled in 
all later w r ork. The first factor investigated was the environmental 
temperature. The results are briefly summarized in table 2. The 
heat-production values in column 12 of the table are derived from an 
average for each steer of either three or four respiration tests, each of 
which extended over 48 hours. These tests were all made at 
chamber temperatures of 75° F. or above. Small corrections w r ere 
applied to these averages for differences in body weight and times 
spent in the standing position for the several periods. The average 
heat productions, expressed to a standard day of 12 hours standing 
were: Steer 1, 9,744 calories for a body weight of 474 kg; steer 2, 
9,943 calories lor a weight ol 480 kg; steer 3, 7,871 calories for a weight 
of 331 kg; steer 4, 7,936 calories for a weight of 346 kg. The correc¬ 
tions applied to these figures for body weight were made on the basis 
of a basal metabolic rate (the steer being in the lying position) of 
1,581 calories per square meter of body surface, the surface area 
being computed by Brody's formula (6) for beef cattle, Sm 2 = 0.13 W ° 66 
kg. The corrections for position (standing and lying) were made on 
the basis of an increment of 62 calories per 500 kg per hour for the 
standing position (29). Throughout these tests the steers were 
subsisting on an approximate maintenance ration consisting of equal 
parts of com and alfalfa hay. 
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The weight of water vaporized was computed from equation (12) 
of footnote 4, p. 839. The respiratory quotients were very close to 1 
in all cases, being 1.000 for steer 1, 0.988 for steer 2, and 0.995 for 
steers 3 and 4. 


Table 2 .- The effect of room temperature on. the insensible loss m weight and the 
vaporization of water from the body 
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3 93 

2 918 

71 2 

9,713 

1,692 

17.4 

1 43 

88 

474 

4 

7 92 

3. 61 

3. 69 

3 49 

2. 480 

71 1 

9, 696 

1,438 

14.8 

( 69 

51 

332 

3 

9.97 

3 78 

2.55 

6. 03 

5 191 

86 1 

7,855 

3,011 

38.3 

1 58 

64 

340 

3 

8. 42 

5 46 

2 39 

4. 00 

3 154 

78 9 

7, 928 

1,829 

23. 1 

i 52 

76 

330 

3 

7.35 

3 51 

2. 55 

3 61 

2 770 

76 7 

7. 865 

1,607 

20.4 

| 43 

88 

322 

3 

10.39 

6. 64 

2.88 

3.00 

2.167 

72 2 

7.802 

1,257 

16 1 

[ 69 

51 

312 

3 

9 04 

1. 96 

3. 12 

6 59 

5 760 

87 4 

7,778 

3,341 

42. 9 

1 58 

64 

355 

3 

8 15 

3 81 

2 50 

4. 14 

3 298 

79 7 

7,885 

1,913 

24. 3 

1 52 

76 

348 

3 

! 5.82 

2 36 

2.72 

3 69 

2.838 

76 9 

7,838 

1,646 

21. 0 

1 43 

88 

340 

3 

6.95 

2 08 

3.21 

3. 38 

2 553 

75 5 

7,717 

1. 481 

19. 1 


It will be noted that the insensible losses in body weight (table 2, 
column 9), the vaporized water, both the absolute values and the 
percentages on the insensible losses in weight, and the percentages of 
heat lost in the vaporization of water, decreased with one exception 
(steer 1, lrom periods 3 to 4) as the room temperature decreased. 
The averages of the latter percentages for all four steers were, in the 
order of decreasing temperatures, 40.5, 22.8, 19.7, and 17.9. It is 
quite possible that at the lowest temperature, 43° F., the steers were 
below their critical temperatures, in which case the calculated per¬ 
centages would be too low, since the heat productions would be 
higher than those assumed on the basis of determinations made at 
higher temperatures in the respiration chamber. 

In the experiments just reviewed, no particular attention was paid 
to the control of the humidity of the room air, the humidities actually 
obtained rising with decreasing temperatures because of the increas¬ 
ing difficulty of dehumiflifying the air. With the temperature 
maintained at 68° to 70° F., tests were made of the effect upon the 
insensible loss in body weight of varying the humidity of the air. 
The same steers were used and they were maintained upon the same 
rations. The comparisons given in table 3 relate to short periods 
immediately preceding and immediately following a marked change 
in relative humidity. 

Unfortunately the results of this test are indecisive. A compari¬ 
son of periods 1 and 2, differing the most in relative humidity, would 
support the conclusion that a drop from 80 to 47 percent exerted no 

75124—36 - 3 
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effect on the vaporization of water from the bodies of the steers, three 
oi the steers, in fact, showing a decrease in insensible loss rather than 
the expected increase if any effect at all were produced. On the 
other hand, in periods 3 and 4, an increase in relative humidity from 
59 to 78 percent was associated in all steers with a more or less con¬ 
siderable drop in the insensible loss in body weight, and presumably 
in the vaporization of water. It is perhaps fair to conclude that if 
the vaporization of water from the bodies of these steers is inversely 
correlated with relative humidity between the limits of 47 and 80 
percent, the effect is so slight that it may be obscured (or greatly 
accentuated) by uncontrolled factors. 



As these preliminary tests progressed it was evident that another 
factor (or other factors) than the temperature and humidity of the 
surrounding air was modifying the vaporization of water from the 
steers and hence the insensible loss in body weight. This uncontrolled 
factor (or factors) was evident only over a considerable period, exert¬ 
ing a progressive effect, but not disturbing the day-to-day variation. 
The data of table 3 reveal the type of effect under discussion: In 
periods 3 and 4, the insensible losses of all steers were lower than in 
periods 1 and 2, although the ration was the same and the body 
weights were nearly so. 

The observations of the Institute of Animal Nutrition at Penn¬ 
sylvania State College [7, 17, IS) on the effect of shearing on the in¬ 
sensible loss in body weight of steers, as well as those of Lefevre 
and Auguet (21) on the effect of shearing sheep on the vaporization 
of water, suggested a solution of this problem. Accordingly, the 
effect of shearing on four young steer calves was studied, with the 
results summarized in table 4. The experimental periods immediately 
preceded or followed shearing and were 14 days m length except the 
final period (after shearing), which was only 8 days in length. In 
comparable periods, all conditions were kept the same except the 
huir coat of the steers. 
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Table 4. —The effect of shearing on the daily insensible loss in body weight of steers 
and on certain features of their behavior , when fed 2 different rations 

DAILY KATION: 2 4 KG OF CORN PLUS 3.4 KG OF CUT ALFALFA HAY 


Steer 

no 

Condition 

Average 

body 

weight 

Daily 
gRin in 
weight 

Water 

consumed 

daily 

Time 
spent 
standing 
I>er da> 

Pulse 

rate 


f Before shearing, ___ 

(After shearing_ _ _ . 

Kilo¬ 

grams 

Kilo¬ 

grams 

Kilo¬ 

grams 

Hours 



2.58 

+0.34 

10 36 

0 32 

64.6 


270 

+. 94 

9 30 

8.01 

60.8 

2 

jBefore shearing... _ . 

2.57 

+ 66 

10.30 

JO 00 

67 3 

1 After shearing... . _ 

208 

-h 55 

9 07 

11 71 

ft). 1 

3 ____ 

fBefore shearing. 

\After shearing. . . _ 

fBefore shearing_ 

243 

+.21 

JO 7t 

5. 26 

ft). 3 

254 

+1.04 

_ 

9 81 

5.61 

52.2 

4 _ . .. 

1 After shearing.. ... 

238 

+.73 

10.57 

6.04 

59." 0 


DAILY RATION. 3 6 KG OF CORN PLUS 1 2 KG OF CUT ALFALFA HA^ 

1 

fBefore shearing_ . 

\After shearing... _ 

317 

+. 65 

9 58 

11.77 

66. 7 

1_ 

327 

+ 71 

7 45 

8 10 

61 9 

2. 

fBefore shearing 

1 After shearing.. _ 

300 

+ 26 

0. 40 

11 15 

64.4 

304 

+. 93 

8 58 

0. 75 

60.5 | 


/ Before shearing. 

207 

+. 23 

8 85 

8 87 

fti 4 I 


(After shearing. 

30.5 

+.37 

7. 90 

7 10 

54 3 

A 

/Before shearing_ 

(After shearing.. . . 

289 

- 10 

8 04 

8. 10 

63 0 

1 .. 

206 

+ 01 

7 40 

7 46 

ft) 5 


Daily 
insen¬ 
sible loss 
in bo<iy 
weight 


Kilo¬ 
grams 
0. SO 
5 OH 
r> ft) 
5. 21 
5. ft) 
4. 6(i 

"" V.52 


7. 36 
fi 21) 
6 83 
5.27 
6 00 
5. 24 
7. 74 
5. 44 


It is evident that shearing decreased the insensible loss in body 
weight, the observed decreases ranging from 5.3 to 29.7 percent and 
averaging 19.8 percent. This decrease may have been the result of 
two factors (1) a decrease in skin temperature following removal of 
the insulating hair, (2) a decrease in restlessness of the animal due to 
a removal of scurf and dirt from the skin. The advantage of period¬ 
ically removing scurf and dirt from the skin of steers on a long-time 
experiment is obvious, but this factor was not an important one in this 
case, since in another test currying alone failed to exert an appreciable 
effect on the insensible loss in body weight. Hence, the decrease in 
skin temperature must have been the effective factor in shearing. 

The decrease in skin temperature occasioned a decreased loss of 
water by evaporation from the skin for each calorie of heat dissipated. 
As a result, less water was consumed daily in all cases after shearing 
than before; but this reduction in water intake was generally less than 
the reduction in water vaporized from the body. The daily volume of 
urine excreted (not shown in the table) was also generally less after 
shearing than before; hence shearing must have induced a hydration 
of the bodies of the steers, an effect that extended over many days. 
This storage of water prottably accounts for the greater gain in body 
weight after shearing than before in all cases but one (the steer 
showing the least effect of shearing), and this greater gain after shear¬ 
ing would continue until the appetite for water adjusts itself to the 
decreased demand. 

The advantages of frequent shearing in determining insensible 
losses in body weight representative of a given steer, ration, and set 
of environmental conditions are marked, and their presence is clearly 
evident from the data of table 4 in the much greater uniformity of 
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the insensible loss values obtained after shearing as compared with 
those obtained before. Thus, in the second comparison in the table 
the standard deviation of the insensible losses before shearing was 
0.65 kg and the coefficient of variation 9.3. The same statistics after 
shearing were 0.076 kg and 1.4. 

In securing constant and representative values for the insensible 
loss in body weight of steers, a fairly constant intake of w r ater was 
found desirable. Abstention from water for several days will cause 
a dehydration of the body, irregular and abnormally low vaporiza¬ 
tion of water, and unrepresentative insensible losses in body weight 
One steer had to be removed from the preliminary experiments 
because of a very irregular water appetite. 

The principal experiments, concerned with the possibility of pre¬ 
dicting the heat production of steers from their contemporaneous in¬ 
sensible loss in body weight, were performed in the following year 
upon the same four steers used in the last preliminary test (table 4). 
The tests were carried out with the observance of all the precautions 
indicated by the preliminary studies. The room temperature was 
kept constant at 76° F. and the relative humidity at 52 to 54 percent. 
The steers were sheared before each determination of the insensible 
loss in body weight. The control of air conditions in the respiration 
chamber was not feasible, but the temperature was allowed to vary 
only between 74° and 81° or 82°. The humidity, under no control 
whatever, averaged 78 to 80 percent. It is not believed that these 
chamber conditions either depressed or accelerated appreciably the 
metabolic rate obtaining during the determination of the correspond¬ 
ing insensible loss in body weight. 

The rations used have already been described. Their content of 
metabolizable energy was determined in two tests upon each of the 
four steers, with the results given in table 5. The corn contained an 
average of 1.62 percent of nitrogen and 3.91 calories of gross energy 
per gram; the alfalfa hay, 2.45 percent of nitrogen and 4.04 calories 
of gross energy per gram; for the brown sugar, these values were 
0.055 percent of nitrogen and 3.65 calories per gram. It is worthy of 
note that steers 1 and 4 were distinctly better utilizers of feed energy 
than were steers 2 and 3. Steer 3 was almost continuously bloated 
throughout these experiments. 


Table 5 . —The metabolizable energy content of the expertmental rations 


Steer no 


2 

3 

4 _ 


Daily ration 

Gross energy in— 

Corn 

Alfalfa 

hay 

Sugar 

Dally 

feed 

Daily 

feces 

Daily 

urine 

Daily 

meth¬ 

ane 

Kilo- 

Kilo- 

Kilo- 





grams 

grams 

grams 

Calories 

Calories 

Calories 

Calories 

f 3 84 
\ 4 56 

0 96 

0 0 

18,804 

3,587 

470 

1,174 

2 28 

2 

27,881 

7,328 

514 

2,214 

/ 3 40 
\ 3 92 

1 70 

0 

20,274 

6,334 

392 

1,161 

1 95 

2 

23,969 

8,674 

479 ! 

1,521 

/ 3 84 
\ 3 40 

96 

0 

18,804 

5,232 

376 

1,321 

1 70 

2 

20,887 

7,236 

462 

1,961 

/ 3 84 
l 3 40 

96 

0 

18,804 

3,537 

423 1 

1,801 

1 70 

2 

20,887 

5,860 

475 

1,500 



Met aboli rablo energy 


Per¬ 
centage 
of gross 
energy 


Calories 
72 2 
63 9 
61 2 
55 5 
63 2 
53 8 
69 4 
62 5 


Calories 
13,573 
17,825 
12,387 
13,295 
11,875 
11,228 
13,043 
13,052 j 


Calories] 
2,828 
2,606 
2,401 
2,193 
2,474 
2,202 
2,717 
2,559 
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The insensible losses in body weight of the steers, together with 
the data upon which the computation of these losses is based, are 
summarized in table 6. The only feature of these results requiring 
comment here is the variability of the day-to-day insensible losses 
in these various experimental periods. The'pertinent standard devia¬ 
tions and coefficients of variation are given in the last two columns 
of the table. The coefficients of variation range from 3.43 to 8.84, 
and average 6.20, a satisfactorily low figure. The day-to-day varia¬ 
tions in these experiments may be compared with the only record of 
its kind found in the literature, a 38-day record of a human subject 
reported by Johnston and Newburgh ()j). The subject, a normal 
man 32 years old, spent practically all of his time in bed, his activity 
being rigidly restricted. The temperature of the room was kept 
close to 72° F. during the day. Considering only the last 30 days 
during which the intake of food was constant, the average daily in¬ 
sensible loss was 976, the standard deviation was 69.5, and the co¬ 
efficient of variation was 8.71. In later work, Newburgh, Wiley, and 
Lashmet {32) report daily estimations of the insensible (vaporized) 
water for seven subjects, pursuing their usual routine duties, but 
subsisting upon a constant diet approximating closely their main¬ 
tenance requirements. Ruling out the values obtained on extra cold 
days and days on which unusual work was done, the coefficients of 
variation for 15 periods of 6 to 15 days each ranged from 8.21 to 13, 
and averaged 8.4. 


Table 6.— The insensible lass in body weight of the steers per day and data upon 
which computations were based 





.5 

m rn 

a 





•a 

Variability of 



s 

a 





£ 

daily insen¬ 


o 

'M 

1 1 

a 

jjJa 

~ m 

M 

M 

.9 

*9 




a 

sible losses 

6 

p 

1 

*© 

.fl 

'O 

a> 

bU 

2 

Qj 

> 

•< 

p g 
2-2 

.5 

I 

p 

a 

© 

a 

9 

k. 

-9 



ible loss 
weigh 

o> 

'V 

|I 

© 

g.g 

'C 

o 

C 

Cu 

Mi 

c 

2 

2 

< 

a< 

0 

H 

o 

-a 

£ 

c* 

2 

« 

j Urine 

Feces 

j 

a 

i 

•S.3 

33 

11 

O 



Kilo¬ 

Ktlo- 


Kilo¬ 

Kilo¬ 

Kilo¬ 

Kilo¬ 

Kilo¬ 

Kilo- 



Days 

grams 

grams 

Ilou rs 

grams 

grams 

grams 

grams 

grams 

giums 


1 

22 

414 

+0.35 

G. 14 

4.85 

7. 25 

3.11 

2.41 

0.23 

0.430 

0.99 

2 

28 

481 

+. 71 

0. 57 

7. 11 

13 51 

5.23 

5.45 

9.23 

.091 

7.49 

1 

14 

379 

+.29 

10.07 

5.13 

9.10 

3.89 

4.18 

5.87 

.248 

4. 22 

2 

21 

390 

+.20 

11 12 

0. 18 

10. 05 

4.31 

5.48 

0.78 

297 

4.38 

1 

24 

377 

•+33 

7. 00 

4.85 

9.40 

4.88 

3. 44 

5.06 

. 430 

1 7.70 

2 

21 

421 

+ .09 

7.05 

5. 30 

11 13 

6 09 

4 01 

0. 10 

. 539 

8.84 

1 

30 

393 

+. 25 

7. 03 

4. 85 

8. 32 

3.33 

2.50 

7.03 

.509 

7. 24 

2 

10 

420 

+.08 

7.34 

5.33 

12.55 

5 17 

4 27 

7.70 

. 200 

3. 43 

3 

14 

431 

+.21 

7. 27 

5. 30 

11.72 

5. 49 

4.08 

7. 30 

.404 

5. 53 


The coefficients of variation given in table 6 are considerably lower 
and more uniform than those calculated from the results of the 
preliminary investigations. For example, in the tests summarized in 
table 2, the coefficients of variation of the daily insensible losses in 
weight ranged from 2.91 to 12.56, averaging 7.06. 

The results of the respiration experiments on the four steers are 
summarized in table 7. The first three experiments lasted for 48 
hours, but all others extended through 72 hours. The successive 24- 
hour values are all recorded in the table. The average heat produc¬ 
tions are ordinarily the average of the corresponding 2- or 3-day 
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values, although in three instances, one of the three daily values was 
omitted from the average because it was considerably higher than the 
other two, probably because of exceptionally greater activity. In 
one of the cases (steer 2, experiment 118 35) objective evidence of 
exceptional activity svas obtained. 


Table 7. —The respiratory exchange and heat production of steers pet day and data 
upon which computations were basid 1 






T)ailv feed 

Time 


Car- 





Experi¬ 

ment 

Aver- 





in 

(K.\- 

bon 

Meth 

Respir- 

Heat 

produc¬ 

tion 

Steer 

no 

age 

bodv 

Da\ of test 




stand¬ 

ing 

gen 

con- 

diox¬ 

ide 

anc 

pro- 

at or> 
< 4110 - 


no 

weight 


Coi n 

Alfalfa 

Sugar 

posi- 

sumed 

pro- 

duced 

tiont 





1 


turn i 


duced 






Kilo- 


Kilo- 

Kilo- 

Kilo- 

i 



Kilo- 





giams 


gramis 

grama 

grama 

Hours 

Liter* r 

Liters 

grams 


('atones 



First 

3 84 

0 Oft 

0 0 

7 75 

1,800 

1,783 

1,811 

0 087 

1 003 

0, 051 
9,029 


r 116 35 

430 

Second, 

3 84 

Oft 

0 

8 38 

1,881 

090 

1 055 




Average 

3 84 

Oft 

0 

8 Oft 

1,79ft 

1,847 

088 

1 028 

9,040 

1 

v 


F irsi 

4 00 

2 30 

2 

8 Oft 

2. 452 

2, 720 

100 

1 100 

12. 538 


i 


Second 

4 60 

2 30 

2 

7 70 

2,438 j 

2, 676 

108 

1 098 

12,438 


Ill9 35 

481 

Third 

4 00 

2 30 

2 


2,4ft*, 

p 2, 666 

101 

1 083 

12, 621 




Average 

4 00 

2 30 

2 

8 33 

2,450 

2, 087 

16ft 

1 097 

12,499 




First 

3 40 

1 70 

0 

ft 01 

1,705 

1,818 

08ft 1 

1 OftO 

8,659 




Second_ 

3 40 

1 70 

0 

ft Oh 

1,083 

(1,884) 

1,805 

088 

1 108 

8, 625 


118 35 

3f»ft 

Third 

3 40 

1 70 

0 

(13 0C>) 

(1,071) 

( 003) 

(1 04ft) 

(9, 527) 

2 



Avoiage’ 

3 40 

1 70 

0 

ft 50 

1,094 

1,842 

087 

1 087 

8, 642 



First 

4 00 

2 00 

2 

10 10 

1,834 

2,028 

007 

1 106 

9, 394 




Second 

4 00 

2 (X) 

2 

11 3ft 

1,951 

2. 199 

12ft 

1 126 

10, 032 


123- 35 

*107 

Third . 

4 00 

2 00 

2 

11 40 

2,132 

2,318 

120 

1.087 

10,871 




Average’ 

4 00 

2 00 

2 

10 98 

1,073 

2, 182 

J14 

1 106 

10, 099 




P ir«t 

3 84 

Oft 

0 

9 23 

1, 866 

1.027 

09ft 

1 033 

0, 102 


[115 35 

382 

Second 

3 84 

Oft 

0 

10 4 2 

2,015 

2,037 

102 

1 011 

10, 099 


| 


Average 

3 84 

Oft 

0 

0 82 

1,040 

1,082 

090 

1 022 

9,750 

3 



First 

3 40 

1 70 

2 

9 18 

2, (HU 

2,12ft 

. 14ft 

1,032 

10,344 




Second _ _ 

3 40 

1 70 

2 

ft 93 

2,005 

2,110 

134 

1 052 

10,122 


1.121 35 

415 

Third 

3 40 

1 70 

2 

ft 8ft 

1.068 

2, 039 

162 

1.03ft 

9,808 




Average 4 

3 40 

1 70 

2 

7 Oft 

2, 011 

2, 002 

. 147 

1 040 

10,111 




First 

3 84 

0() 

0 

9 73 

2, 040 

2, 228 

134 

1 092 

10, 400 


117 35 

400 

Second . 

3 84 

Oft 

0 

8 84 

1,99ft 

2,262 

136 

1 133 

10,265 




Average 

3 84 

Oft 

0 

9 28 

2,018 

2, 245 

135 

1 112 

10,332 




First 

3 40 

1 70 

.2 

ft 55 

2,132 

2, 31ft 

110 

1 08ft 

10,874 




Second 

3 40 

1 70 

2 

12 7ft 

2,175 

2,302 

107 

1 058 

11,031 

1 

120-35 

420 

Third 

3 40 

1 70 

2 

(10 90) 

(2,636) 

(2, 597) 

( 106) 

( 985) 

(13,152) 




Average 

3 40 

1 70 

2 

11 29 

2,154 

2,309 

113 

1 072 

10,952 




First 

3 40 

1 70 

2 

8 88 

2, 054 

2,162 

100 

l 053 

10,394 




Second. . 

3 40 

1 70 

2 

9 33 

2,070 

(2,287) 

_ 

2,244 

114 

1 084 

10, 552 


,123 35 

441 

Third . 

3 40 

1 70 

.2 

(9 63) 

(2,356) 

( 119) 

0 030) 

(11,517) 



1 

. Average 

3 40 

1 70 

2 

9 11 

2,062 

2,203 

112 

1 0ft8 

10 473 


1 The \ alues enclosed in parentheses are not included in the respective averages 

2 There were ort« in this 3-day test amounting to 530 g , dry weight 
J There were orts in this 3-day test amounting to 3G0 g , dry weight. 

4 Orts weighing 70 g , dry weight 


In table 8, the data of tables 6 and 7 have been utilized in estimat¬ 
ing the weight of water vaporized from the steers daily. In combin¬ 
ing the two sets of data, the observed heat productions have been 
corrected to the average body weights and standing records of the 
periods serving for the determination of the insensible losses in weight, 
by a method described on page 842. These corrections were all 
relatively small, ranging from +7 to +324 calories daily. The 
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weights oi respiratory gases (but not oi methane) ha\e been similarly 
corrected, increasing or decreasing the observed values in the same 
proportions that the corresponding observed heat productions were 
increased or decreased. While a theoretically better (but much more 
complicated) method might have been used in making these correc¬ 
tions, the end results would have been very nearly the same. 


Tabie 8- Computation of pircintage of h<at lo*t os vaponzal wata, tlu risults 
being expressed on thi daily basis 


steer no 


1 

2 
1 

4 



insen 

Kesults of lespiration e\j>erinicnt 1 











Patent 
beat of 
x apori 

7 at ion 

Heat 

Period 

no 

sible 
loss 111 
botlv 
weight 

1 xperi 
inent 
no 

( arbon 
dioxide 
pro 
due id 

Meth 
ane pro 
du< ed 

Owpen 

con 

sumed 

11 tat 
pro 
duced 

\ ipor 
i7ed 
watn 

lost as 
\ upoi 
i7ed 
water 


Kilo 


Kilo 

A lit) 

Kilo 


K ilo 




grams 


grams 

grams 

grams 

( alorit s 

grams 

( atom s 

I'trunl 

f 1 

0 21 

110-35 

1 55 

0 09 

2 50 

8 795 

5 09 

2 952 

11 0 

t 2 

9 23 

119 15 

5 27 

17 

1 47 

12 191 

7 20 

4 211 

14 0 

1 1 

r ) 87 

118 35 

1 78 

09 

2 51 

8 900 

1 r l 

2 bib 

29 2 

1 2 

C 78 

122 35 

4 11 

11 

2 82 

10 106 

5 is 

1 004 

2*1 7 

f 1 

M> 

115 15 

1 85 

10 

2 71 
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The vaporized water was computed try subti acting fiom the in¬ 
sensible loss in body weight the weights of carbon dioxide and ol 
methane excreted, and adding to the remainder the weight of oxygen 
absorbed Multiplying the weight ol \aponzed water by 0 58 gives 
the heat of vaporization Expressing the heat oi vaporization in 
each case as a peieentage oi the total heat produced (and within a 
small error the total heat eliminated) Jesuits m the -values leeoided in 
the last column oi table 8 These percentages aie the most significant 
results of the experiment 

The percentages of heat output represented by the \aporized water 
are not constant among the diflerent steers, but ior tlue^ of the 
steers duplicate determinations of the percentage are remaikably 
constant, i e , 38 f> and 34 ior steer 1, 29.2 and 29 7 for steer 2, and 
26 8 and 20 7 for steer 3 For steer 4, two oi the triplicate determina¬ 
tions are in excellent agreement, 33 4 and 32 7, although the third 
determination was appreciably smaller, i. e , 30 9 Considering the 
fact that the duplicate insensible loss determinations, except for the 
last two on steer 4, were*made at intervals ranging from 2 weeks to 
3 months, while the intervals between respiration tests ior the same 
steer were nearly the same or longer, this evidence of individuality 
seems decisive. 

It is interesting to note that the steers exhibiting the highest 
percentages of heat emitted by the vapoiization of water, steers 1 
and 4, are the steers that metabolized the greater proportions of the 
gross energy of the feed (table 5) due to a more efficient digestion of 
the feed Also, the steer emitting the smallest portion of heat in 
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vaporized water was almost continuously bloated and excreted 
greater than average amounts of methane. Whether these relations 
possess a causal significance cannot at present be determined. 

Evidently the best prediction of the heat production of steers 
from the insensible loss in body weight cannot be made from any 
average relationship between the two, but should be based upon a 
relationship determined in preliminary experiments upon each indi¬ 
vidual steer. With this fact in mind, different methods of making 
this prediction may now be considered. 

The heat production may be very accurately predicted from 
equation (15) of footnote 4 

7 _ _ __ 

] .7241 re+1.9769 (r. q.)-l .4290 

but this prediction would require for each steer a knowledge, not 
only of r, the percentage of heat lost by the evaporation of water, 
and of ?, the insensible loss in body weight, but also of the respiratory 
quotient and of e, the heat equivalent of a liter of oxygen. If the 
respiratory quotient is less than 1, e may be computed from it, but 
if the respiratory quotient is above 1, as it will be on production 
rations, no rational method for the computation of e is at hand. 

If the respiratory quotient for a given steer, the ration, and the 
level of feeding are known and if the respiratory quotient is above 1, 
the heat value of a liter of oxygen may be roughly estimated from 
the respiratory quotient by the following linear equation, describing 
the relationship observed between the two values in the series of 
respiration experiments reported in table 7: 

e = 1.242 (r. q.) + 3.744 

The methane production may be computed with sufficient accuracy 
from the estimated digestible carbohydrates consumed by using 
the factor of Armsby ( 1 ) of 4.5 g of CII 4 per 100 g of digestible carbo¬ 
hydrates. In the predictions to be made below it has been estimated 
at 21.7 g per kilogram of ration, the average output observed in these 
experiments. 

The first prediction method involves, therefore, the observed 
insensible loss in body weight (/), the observed percentage of heat 
lost as vaporized water (c), the observed respiratory quotient, and 
the estimated value of c, the heat value of a liter of oxygen. In 
columns 4 and 5 of table 9, the value of this method is assessed by 
predicting the heat productions of the steers in the various experi¬ 
mental periods as described, and noting the percentage error incurred 
as computed from the observed heat productions. The average 
error is only 1.15 and the individual errors do not exceed 3.02 per¬ 
cent, incurred in the first experimental period on steer 4. For this 
steer, the average value of c for all three periods was used. 
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Table 9 .—Estimation of halt production from insensible loss m bod if weight hg 
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A second prediction method would involve arbitrarily assigning a 
value of 5.047 calories to c, corresponding, at least in animals pro¬ 
moting no considerable gastrointestinal fermentations, to a respira¬ 
tory quotient of 1. Tlie other bases of prediction remain the same. 
From table 9 it appears that no loss in accuracy is incurred by assign¬ 
ing an arbitrary, though not unieasonable, value to e. In fact, 
since e occurs in both the denominator and the numerator of the 
prediction equation, it may be expected that even considerable errors 
in the value assigned to it would not lead to serious errors in the 
estimate of heat production. 

In the third prediction method to be considered the average respira¬ 
tory quotient observed for all steers, i. e., 1.070, will be used in place 
of the individually observed respiratory quotients, and e will be 
assigned a value of 5.073, estimated from this respiratory quotient by 
the equation given above. While the prediction errors are somewhat 
larger for this method than for the other two, averaging 1.84 percent 
as compared with 1.15 and 1.11 percent, the method still is satis¬ 
factory, since the individual errors do not exceed 3.09 percent. 

However, if the respiratory quotient is arbitrarily assigned a value 
of 1, and the heat value of a liter of oxygen [e) the corresponding 
value of 5.047 calories, the predictions become appreciably less accu¬ 
rate, the average percentage deviation from the observed heat produc¬ 
tions being 4.16. The individual errors range up to 6.94 percent 
(table 9). 

It is clear that the success of a method of predicting the heat 
production of steers from the insensible loss in body weight depends 
upon (1) a careful determination of the insensible loss under standard¬ 
ized conditions, (2) a preliminary estimate on each steer of the frac¬ 
tion of heat lost in the vaporization of water, any ration being suitable 
for this purpose, and (3) fairly good estimates of the respiratory quo¬ 
tients to be expected for the experimental rations. If the errors of 
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the latter estimates are not more than 0.05 or 0.06, excellent predic¬ 
tions may be expected, while even errors of 0.10 would not be expected 
to produce errors of estimate greater than 7 percent or so. 

SUMMARY AND CONCLUSIONS 

The percentage of the insensible loss in body weight represented by 
vaporized water varies inversely with the respiratory quotient and 
approaches 100 as the percentage of heat lost from the body by the 
vaporization of water increases. 

The insensible loss in body weight of steers is sensitive to changes 
in environmental temperature, particularly above a temperature of 
70° F. Changes in relative humidity of the surrounding air are 
without certain effect up to values of 80 percent or more. 

The hair coat of a steer is a potent factor in determining the insensi¬ 
ble loss in body weight through its effect upon the vaporization of 
water from the skin Removal of most of the hair coat by shearing 
may lower the insensible loss of weight by 20 to 30 percent. The 
shearing of steers tends markedly to equalize the percentages of heat 
lost through the vaporization of water. n, 

A regular intake of water favors a regular insensible loss in weight. 
Abstention from water for several days may depress the insensible 
loss in weight to abnormally low levels. 

With rigorous control of all conditions with reference to the environ¬ 
ment and to the animal that are known to affect the vaporization of 
water, the day-to-day variation in the insensible loss of body weight 
of steers confined in stalls may be reduced to a magnitude represented 
by a coefficient of variation of about 6 percent. 

The ratio between heat lost by the vaporization of water and total 
heat output is not constant under the same environmental conditions 
but is an individual characteristic, at least for steers in the sheared 
condition. 

The heat production of steers on a series of experimental rations 
may be estimated with small error from the following data: 

(1) A careful determination of the insensible loss in body weight 
on each ration over a period of 2 weeks (or possibly less) under 
standardized conditions, as defined above. 

(2) A preliminary estimate on each steer of the fraction of heat 
lost in the vaporization of water under the same conditions to be used 
in the subsequent experiments, any ration being suitable for this 
purpose. 

(3) Fairly good estimates of the respiratory quotients to be expected 
on the various experimental rations. If the errors in these estimated 
quotients are not more than 0.05 or 0.06, excellent predictions of heat 
production may be expected, while even errors as great as 0.1 may 
not produce errors in estimated heat production of more than 7 
percent. 
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VIABILITY OF CONIFER SEED AS AFFECTED BY SEED 
MOISTURE CONTENT AND KILN TEMPERATURE 1 

By William G. Moiutib 2 

Assistant silvu ultunst, Pacific Northwest Forist Experiment Station , Forest Service, 
United States Department of Agriculture 

INTRODUCTION 

In collecting conifer seed to use in reforestation, the cones must be 
harvested before the scales open or the seed will drop out and be lost. 
After they are harvested, the green cones must be thoroughly air-dried 
before the scales will open sufficiently to release all of the seed. In 
some regions w r eather conditions may interfere with drying operations. 
This condition and the development of the forest-seed industry have 
brought into use the dry kiln with its wide range of temperatures as 
a more controllable means of opening freshly gathered, moist cones 
Kiln operation in the drying of cones cannot, however, be governed 
by the sole aim of completing the run in the shortest possible time 
Many organic compounds are more liable to be disorganized by heat 
when they have a high moisture content than when they are dry, and 
seeds may be expected to react in this way That m some seeds 
disorganization from the application of heat is greatest when moisture 
content is high is well known, even from the rather meager specific 
data on the subject. Obviously, the kiln operator must know what 
temperatures he can apply without injuring the moist seed. Also, 
he should know wdiether he may not apply much higher temperatures 
after part of the cone and seed moisture has been driven off by 
moderate heat. The object of the study discussed here was to 
determine, for certain conifer seeds, what effect a gradual increase 
in heat may have on moist seed, and the relation of such effects to 
increase in the moisture content of the seed. Furthermore, it was 
desired to determine the critical combinations of heat, moisture, and 
duration of heating. Tests were made with seed already extracted 
by air-drying. Results from such tests, although not exactly coin- 
parable with those in actual practice, were regarded as clearly in¬ 
dicative of results to be expected in seed extraction 

REVIEW OF LITERATURE 

The fact that certain dry seeds withstand higher temperatures 
than moist seed was reported by Eduard Ileiden in 1859, Julius 
Sachs in 1865, and L. Just in 1875, according to citations by Alanasoff 
and Johnson (1). A Waggoner (14) later heated radish seed under a 
large number of different moisture content and temperature condi¬ 
tions and found also that the ability of the seeds to withstand heating 
varied inversely with their moisture content. For example, w T hen 
seed of the Icicle radish, having a moisture content of more than 38 

1 Received for publication Nov 20,1935, issued July 1946 ^ „ 

* The experimental work for tins report was done at the l Diversity of C alifornia. Division of Forestry 
The writer received many helpful suggestions from F 8 Baker, A W Sampson, and A R Davis 
3 Reference is made by number (italic) to Literature Cited, p 804 


Journal of Agricultural Research, 
W ashington, D C 


( 855 ) 


Vol 52, no 11 
June 1,1936 
Key no F 76 



856 


Journal of Agricultural Research 


Vol 52, no 11 


percent, was heated at 55° C. for one-half hour, the germination was 
subnormal, but when the seed-moisture content was only 0.4 percent, 
the germination was normal even after the seed was heated at 105° C. 
At 100° and more, the germination became less with each step oi 
moisture increase above 0.4 percent. 

Hottes and Wilson (8) obtained a moisture series similar to Wag¬ 
goner's by placing wheat on trays in the upper part of jars which 
had various concentrations of sulphuric acid in the bottom. Despite 
the molding of samples with high moisture content, the investigators 
found that samples having 10 percent moisture, after being heated 
for 1 hour at 90° C. in a closed container, failed to germinate, but 
when heated at 80°, germinated 100 percent. Samples with 12 
percent moisture gave no germination after heating at 80°, but 
70-percent germination after heating at 70°. Germinating methods 
and sampling were not described. 

Somewhat similar though less conclusive results were obtained by 
Harrington and Crocker (0), Kienholz (10), and Hofmann (7). 

A number of investigators have studied the lethal temperatures for 
seed having a moisture content in equilibrium with ordinary storage 
conditions, but for the purposes of this study tnfeir work is of little 
value, since they made no record of either the air- or seed-moisture 
content. These include Atanasoff and Johnson (7), Burgess (2), 
Ewart ($), Gaine (5), Jodin (9), Robertson (11), Spafford (12), Staker 
(13), and Wright. 4 From these investigations dealing with lethal 
temperatures for seed of no stated moisture content, one can only 
conclude that with alfalfa, barley, wheat, oats, and acacia there is 
likely to be a decrease in germination after the seed has been subjected 
to about 90° C for several hours, but seed from Douglas fir, ponderosa 
pine, peas, and cress evidently is injured at a lower temperature 

EXPERIMENTAL METHODS 

MATERIAL USED AND NATURE OF TESTS 

The seed used in this experiment w as that of Douglas fir (Fsevdotsvga 
taiijolia (LaMarck) Brit.) and ponderosa pine (Finns ponderosa, 
Dougl.). It was purchased from a dealer in forest seed at Longview 
Wash., and was accompanied by declarations of origin. The fir seed 
came from an altitude of 700 feet in Cowlitz County, Wash. The pine 
seed w r as from Antelope Creek watershed, Siskiyou County, Calif., 
elevation 4,800 feet. Both kinds of seed were harvested in the fall of 
1930 and had been extracted from air-dried cones. 

The heating experiments were made in February 1931. The seeds 
were heated under 36 different combinations of conditions, including 
3 known degrees of moisture, a long and a short period of heating, and 
6 temperatures ranging by T>-degree intervals from 45° to .70° C. 
The percentage of germination from 5 samples, each containing 100 
seeds, w as used as the criterion of the result of each different treatment. 
Thus, a total of 180 germination tests was made. To obtain a basis 
for the choice of procedure, the effect of small changes in conditions 
and the reliability of the germination percentage were measured in 
preliminary experiments. 


4 WRIGHT, E. THP VIABIim OF NATIVE AND EXOTIC SLED AT HIGH TEMPERATURES Berkeley, Calif 
1923 (Thesis, Um\ Calif) 
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ADJUSTING THE MOISTURE CONTENT 

Three moisture conditions were chosen with the intention of having 
a maximum and minimum that are commonly encountered and an 
intermediate point to help determine any graduation of effects due to 
the moisture. 

The driest sample came from seed stored in crocks under laboratory 
conditions, averaging 7±0.5 percent moisture. The intermediate 
moisture condition was set at 30 percent, which represents that of 
seed in cones that have been stored for some time previous to extrac¬ 
tion. The maximum moisture condition was set at 00 percent for the 
fir and 50 percent for the pine, because moisture of these percents 
approaches the greatest amount of water which these seeds will absorb 
and approximates the moisture content of freshly gathered cones. 

A moisture content of 30 percent was obtained by soaking the 
Douglas fir seed in water for 35 minutes and the ponderosa pine seed 
for 3 hours. The moisture contents of 60 percent for Douglas fir seed 
and 50 percent for the pine were obtained by soaking the fir seed for 
10 hours and the pine seed for 15 hours. 

After the water was drained from the seeds, they were spread on a 
paper towel for approximately 5 minutes to allow T the superficial water 
to dry. The seed was mixed and respread several times during the 
drying period, so that it would have a uniform exposure. When the 
coats appeared free* from a water film, the seed was put in stoppered 
heating bottles and a 6-g sample set aside for a moisture determination 
(based on the constant weight after drying the sample at 00° (\) 
These checks showed that the seed classed as having 30 percent mois¬ 
ture actually had a range of ±2 peicent, and that classed at 50 or 60 
percent actually had a range of ±3 percent. 

HEATING 

The seed was heated at temperatures of 45°, 50°, 55°, 60°, 65°, and 
70° C. in the upper part of a thermostatically controlled electric oven. 
By means of a small motor-driven fan, the desired temperature was 
maintained in all parts of the upper half of the oven with a variation of 
only ±1°. 

The seed containers were glass bottles, the cork stoppers of which 
had a fine groove cut in the side to allow a balance w r ith atmospheric 
pressure. The bottles containing the pine seed were 2 inches square 
and 4 inches tall, and those containing the Douglas fir seed were 1%- 
inch round bottles, 3 inches tall. 

It was desired to prevent any significant drying in the seeds during 
heating. Trial samples showed no appreciable loss in moisture 
content during a prelimiikary 10-hour heating period at 50° C\, and 
moisture-content samples taken in the regular heating periods indi¬ 
cated that 2 percent was the maximum loss to be expected, this 
occurring in the samples which had 30 percent or more moisture at 
the beginning. 

About 1 hour was required for the temperature at the center of a 
bottle of dry seeds to equal an oven temperature of 50° (\; therefore 
it was necessary to preheat the seed in a quick way. To do this, 
the glass containers were warmed, then the seed was introduced, and, 
with thermometers thrust through the stoppers, the bottles of seeds 
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were warmed in a small hot oven. The samples were eonstantly 
watched and shaken by hand so that uniform heating from the out¬ 
side to the center would be obtained. The desired temperature 
generally was reached in 5 to 10 minutes, and the bottles were then 
quickly transferred to the main oven. 

The thermometers in the bottles were allowed to project through 
the two ventilator holes in the top of the main oven and were checked 
frequently to avoid any accidental fall or rise in temperature. The 
temperatures within the bottles did not vary more than 1° C Six 
bottles of seed usually were put in the oven at the same time so that 
seed representing three different moisture conditions and two differ¬ 
ent durations of heating were subjected to the same temperature. 

To determine the effects of two different durations of heating, 
some of the bottles were removed from the oven at the end of half 
an hour, the rest remaining 3 hours. Upon removal, the seed was 
spread on paper towels to dry and cool for 24 hours, whereupon it 
was stored in unsealed em elopes for 1 week before the germination 
tests were made 

GERMINATION 

Since it would be very difficult to measure the separate physio¬ 
logical changes within seed which had been heated, the ultimate 
effect of high temperature was judged by the percentage of germi¬ 
nation after heating. To obtain a standard for comparison of effects, 
eight random samples of unheated seed taken from the same crock 
were germinated. To have these under representative sprouting 
conditions, four samples were placed in each of the two germinating 
chambers. 

By means of a graduated test tube of small diameter, the seeds 
were measured into lots containing approximately 100 seeds each, 
and no accurate count was made until the end of the germination 
period Each lot was put in a separate test tube to be soaked in 
water 24 hours, after which time the w r ater was drained off and the 
sample was placed on an individual plate in the germination chamber 

The germination plates were rough-surface, 4- by 3-inch paper 
ice-cream plates that had been soaked m water for 3 weeks to make 
them thoroughly saturated when first put in the germinator. 

The germinating equipment consisted of two automatically con¬ 
trolled, water-jacketed germinators, with eight wire shelves in a 
chamber 18 by 20 by 20 inches and a water-pan humidifier under the 
bottom shelf. Temperatures were maintained at 27° C. The 
atmosphere W'as saturated at all times to prevent excessive drying 
of the plates 

The samples were inspected at 5-day intervals by removing one 
shelf at a time and recording for each numbered plate the number of 
seeds having protruding sprouts. The recorded seeds were then 
discarded. If molds or midge fly larvae appeared on the plate, or if 
some of the radicles had started to wilt as a result of damping-off 
fungi, the observation was included in the notes, in order that any 
correlation between the presence of these associates and the seed 
viability might be discovered. If any of the plates needed moistening, 
they were sprayed with a fine jet of water. 

'The tests were continued for 60 days, whereupon it was estimated 
from cumulative germination curves that sprouting of viable seeds 
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was complete. Previous cutting tests had shown the original stock 
of pine seed to have from 7- to 30-percent culls. To determine 
accurately the germination percentage, it was necessary to know the 
number of fully developed seeds in each sample. This was done in 
the case of the ponderosa pine samples by cutting open the unger¬ 
minated seeds and eliminating the undeveloped specimens. (Jermi- 
nation percentages were based upon the number of sprouted ponderosa 
pine seed plus the developed but unsprouted seed. From previous 
cutting examinations it was found that the original Douglas fir seed 
was 98-percent sound, and since most of the ungerminated Douglas 
fir seed in the sprouting tests had disintegrated before the end of (SC) 
days, no careful cutting tests were made on them after germination, 
the original number in each sample being used as tlie basis for ger¬ 
mination computations. 

As the plates were inspected, the area of each plate covered by the 
black mold Chaetomium elatum was estimated in tenths; the ratio 
of seeds attacked by the white mold Verticillium sp. and the presence 
of midge larvae were recorded on a scale of 10; and the presence of 
crystals, as yet unidentified, noticed on some of the pine-seed coats, 
was indicated in the notes. Since the presence and amount of 
damping-off fungi, molds, fly larvae, and crystals later proved to 
have no correlation with the germination results, they will not be 
discussed further. 

RESULTS AND DISCUSSION 

ANALYSIS OF THE DATA 

The first step in handling the data was to determine the final ger¬ 
mination percentage of eacli of 300 samples, and, for each species, to 
average these percentages for the five samples which had the same 
moisture content and were heated at the same temperature for the 
same length of time. The standard deviation of the five samples for 
each treatment w r as computed and compared with the deviations of 
individual samples which occurred farthest from the average. None 
of the samples showed sufficient deviation from the mean to be re¬ 
jected. The standard error (standard deviation of a mean) was also 
computed. 5 The final germination percent and the standard error 
of each are given in table 1. 

After computing the final germination percentages, the cumulative 
germination percentage for each sample and the mean of the five du¬ 
plicate samples w T as computed for the end of each 5-dav period. These 
cumulative mean values are plotted in figures 1 and 2 to illustrate the 
progress of sprouting. The standard deviation of the five samples 
around the moving average formed by tlieVumulative mean values 
was computed for each curve and is shown in the figures. 

To those who are accustomed to germinating agricultural crop seeds, 
the variations in the following tests may seem unusually large. How ¬ 
ever, it has been the experience of investigators using iorest seed that 
tree seeds are more liable to give low r germination percentages and 
highly variable results. 

* By the formula, standard error 7 — • 
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Table 1 —Average germination 1 of Douglas fir and ponderosa pine seed of given 
moisture content heated at various tempt raiurts for 0 r > and H hours 
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1 The biRniflc ante of the mean is given in terms of the standard error of the mean A range of 3 times the 
standard error above and below the mean of r ) observations includes according to normal probability 9(i 
percent of all other means which might be obtained from additional samples of the same material ($) 

” h or the indie ntod seed moisture c ontent and dural ion of heal ing this \ able represents the first sigmflc anl 
deviation from noimal that resulted from increase in the temperature applied Ihe normal values were 
Mil 8 percent foi Douglas fh and 2<)±2 4 percent foi ponderosa pine 

According to some authors, not only the final germination percent¬ 
age at the end of a long period hut also the germination that takes 
place within a short time should he considered as an indicator of the 
physiological condition of seed Harrington and Crocker ((>) found, 
in testing heated Kentucky hluegrass seed, that the germination, 
although it later equaled the normal, vas subnormal during the early 

C >art of the germination period To study such relationships for 
louglas fir and ponderosa pine, the writer plotted germination per¬ 
centages for 5-day intervals. From inspection of figures 1 and 2, it 
is apparent that the condition which Crocker and Harrington ob¬ 
served does not exist in the present experiment. In fact, it is re\ ersed. 
Germination of Douglas fir seed heated while in a moist condition 
was, for the first 20 days, equal to that of the unheated samples. 
After 20 days the heated seed did not germinate at the same rate 
as the unheated samples. This is shown by the fan shape of the 
curves in figures 1,1?, and 2, A. Ilowever, the pine-germination prog¬ 
ress curves begin to show differences in seed viability by the fifth 
day and remain nearly parallel after that (figs. 1, C y and 2, B). 

TOTAL GERMINATION RESULTS AND THEIR APPLICATION 

In table 1 it is seen that dry (7-percent moisture content) Douglas 
fir seed was not injured by heating for 3 hours at 50° C., but if the 
moisture content v as 30 percent, a*great loss in germination occurred 
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]t is possible that the relatively low temperatures which injure wet 
seed may reduce the germination of seed sown naturally. Surface 
soil temperatures often reach 50° t\ in the fall when the soil and seeds 
are wet. 

Table 1 sho^s that a temperature increase of 5° C. when heating 
Douglas fir or ponderosa pine seed may decrease the germination more 
than 30 percent. An increase from 50° to 5f>° C. caused a great loss 



ELAPSED TIME OF GERMINATION (DAYS) 


Fioi re 2—Germination of seed which, at a moisture content of 30 percent, has been heated for one-half 
hour *1, Doupla^ fir, B, ponderosa pine 

in germination of Douglas fir seed when moisture content was 30 
percent and the heating period was one-half hour, and a further in¬ 
crease of 5° caused a complete loss of viability. This indicates that 
care must be taken to keep all cones in a kiln at the same safe tem¬ 
perature. Temperatures at various places inside a drying chamber 
often differ by 5°. A temperature record taken at one point may 
indicate a safe condition while seeds at some other point are being 
destroyed. 
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The length of time that seeds are heated may have in some instances 
as great an effect on the viability as the seed-moisture content and 
heating temperature. When Douglas fir seed had a moisture content 
of 30 percent and was heated at 55° C\, the germination after a 
hour heating period was 30 percent, but after a 3-hour heating period 
was only 1 percent (table 1 and fig. 1, A and B). However, if the 
seed was dry, a 3-hour heating period had no appreciably greater effect 
than a b-hour period. Apparently the heat resistance of dry seed is 
such that the initial damage is done in a short time, and no more 
injury is caused unless a \ery long heating period is used. 

When dry Douglas fir or ponderosa pine seed (7-percent moisture 
content) is heated at 45° C 1 . for one-half hour, the viability is not im¬ 
paired. If the temperature, or seed moisture content, or time, or all 
three factors together, are increased unit by unit, there may be no 
evident effect on viability at first, but, ultimately, a combination of 
conditions is reached which causes a slight decrease in seed germina¬ 
tion. This may be called a critical combination of conditions. 
Beyond that critical combination, any increase, either in heating tem¬ 
perature, seed-moisture content, or duration of heating, will cause a 
corresponding decrease in viability. It may be said that, in kiln dry¬ 
ing, a slight increase in any one of these three factors is not dangerous 
unless the factors are already near a critical combination. But if 
cones are being dried near the critical heat point, the greatest care 
must be taken to avoid any increase in one of the three drying factors 
without a corresponding safe decrease in another factor It will be 
of prime importance to the kiln operator to know the critical com¬ 
binations of heating conditions. Within the range of conditions 
tested in this experiment, the critical points exist at some combination 
of conditions slightly more moderate than those which caused the 
first significant losses, as shown in table 2. 


Table 2— Summary of U mptratuns causing first significant injury of sad at 
difjirtnt moisture contents 
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55 

55 
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45 

__ 

3 hours 

45 
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SUMMARY 

From the results of this experiment on seed of ponderosa pine and 
Douglas fir a few general statements may be made concerning the 
practice of kiln-drying cortes of these species before shaking out the 
seed. It seems imperative that there should be a thorough circula¬ 
tion of drying air around every cone. The cones should not be in 
piles, as this will keep the inside ones moist. There will be economy 
in spreading the cones in a thin layer so that they inav dry more 
rapidly, for the sooner they dry, the less apt they are to be damaged 
by heat. 

The drying should be begun with a relatively low temperature— 
40° C. for instance—which may be increased as the cones become 
drier. Near the end of the run the temperature probably can be 
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raised to 55° if the seed-moisture content has already been reduced 
to 20 percent or less. If the cones have been somewhat air-dried 
before they are put in the kiln, they may be started at a higher tem¬ 
perature than more moist cones. Moisture-content samples should 
be taken, and the sacks of cones should be graded according to mois¬ 
ture content, if the greatest efficiency of kiln operation is desired. 
When this is done, a batch of wet cones can be run at a low safe 
temperature and a charge of dry cones at a faster-drying but equally 
safe temperature. In that way it will not be necessary to extend 
the heating period of the dry cones in order to prevent injury to the 
seed of a few moist cones. 
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THE COMPARATIVE INSECTICIDAL EFFICIENCY 
AGAINST THE CAMPHOR SCALE OF SPRAY OILS 
WITH DIFFERENT UNSULPHONATABLE RESIDUES 1 

Bv A. W. Chessman, associate entomologist , Division of Fruit Insect I nvestigations t 
and Lynn H. Dawrkt, associate chemist , Division of Insecticide Investigations , 
Bureau of Entomology and Plant Quarantine , United Slates Department of 
Agncultun 1 

INTRODUCTION 

The percentage of the more chemically active constituents in a 
given mineral oil, as indexed by the unsulphonatable-residue test 
recommended by Graham (5, 6) •* may indicate the approximate con¬ 
tent of olefines or other unsaturated hydrocarbons, including aro¬ 
matic, naphthenic, and resinous substances, as well as branehed-ehain 
paraffin compounds of high molecular weight. The large number of 
makes and grades of spray oils of the lubricating or engine oil type 
employed at present, together with the uncertainty about the chem¬ 
ical composition of each oil, prevents the making of a trustworthy 
comparison of the relative toxic effects of the above-mentioned active 
constituents on scale insects. However, although the different active 
constituents cannot be separated by the sulphonation test, it is possi¬ 
ble to determine (by experiments) whether the more active compounds, 
as so measured collectively, have any effect upon the insecticidal 
action of the oils. Swingle and Snapp (8) have obtained data 
regarding the effect of several oils having different percentages of 
sulphonatablc constituents, on the control of the San Jose scale 
(Aspidlotvs pernickms Cornst.) on peach trees at Fort Valley, Ga., 
and report that wide variations in the content of sulphonatablc mate¬ 
rials produced little difference in toxicitv to that insect. Their tests 
were conducted with oils containing sulphonatablc portions ranging 
between 100 and 31.2 percent by volume. On the other hand, 
English (4) states that under some conditions the unsaturated oils 
may be more toxic. 

Since any investigation of the toxicity of the sulphonatable constit¬ 
uents must be made with oils of both unknown and differing composi¬ 
tion, it should be borne in mind that the results obtained in using a 
small number of oils arc not necessarily applicable to all such oils. 
With recognition of this limitation, the laboratory and field experi¬ 
ments described below were planned. The objective was to deter¬ 
mine whether or not three mineral oils containing markedly different 
percentages of sulphonatable material would produce measurably 
different mortalities of the camphor scale, rsevdaonidla duple/ 
(t’kll.), at New Orleans, La. Spuler, Overlay, and Green (7) report 
that the insecticidal value*increases with the viscosity of oils; and, if 
such is the case, the effects of the sulphonatable portions, provided 
they influence the insect, should be separated from effects attributable 

1 Received for publication Feb 12, 1936, issued July 1936 

* Authors' names are given m alphabetical order; the sequence indicates no seniority. 
a Reference is made by number (italic) to Literature Cited, p 878 
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to viscosity, lienee oils were selected which had substantially the 
same viscosity and volatility in order that the effect of variations in 
these two properties would not obscure differences in results due to 
variations in the sulphonatable content. 

EXPERIMENTAL METHODS 

SPECIFICATIONS OF OILS 

All sprays were prepared from two oils purchased from a well- 
known manufacturer and designated for experimental purposes as 
WR and L 1778. The Saybolt viscosities, the percentages of non¬ 
volatile and of sulphonatablc portions, and the specific gravities were 
separately determined and are presented in table 1. 

Table 1.— Characteristics of oils used in (xperiments with sprays against the 
camphor scale , New Orleans , La., 1932 


()<1 designation 


W K 

WR/L-177H 
L-1778 . 


Savbolt 

Nonvolatile 
mut or ml (21 
hours at 
100° F )i 

_ ^ 

Sulphonat- 

Specific* 

v iscosity 

.ible material 

gravity at 

at 100° F 

(b> volume) 

68 0° F 

Suomi* 

Permit 

Pt runt 


44 9 

98 ft 

(> 

0 8t 

97 s 

98 6 

1ft 

86 

101 9 

98 4 

.13 

.88 


1 Evaporation tests were made according to methods proposed by Dawsey (2) 


Distillation ranges were not determined, but according to the 
manufacturer's specifications the WR oil began distillation at (m 4° F. 
with SO percent off at 750°, and the L 1778 began distillation at 630° 
with 87 percent off at 750°. The 3^- 1778 was stated to be a blend 
of two or more straight-run oils. The oil designated as WR/L 1778 
consisted of equal parts of the first and third oils, compounded by 
mixing them before preparing emulsions therefrom. 


PREPARATION OF EMULSIONS 

The emulsions consisted of the mineral oils dispersed in an aqueous 
solution of sodium oleate. Concentrated emulsions containing fifi^ 
percent of oil by volume were made according to the process suggested 
bv Dawsey, 4 wherein emulsification takes place spontaneously and 
the emulsifying soap is formed simultaneously. These emulsions 
were then usually diluted to an intermediate concentration of 40-per- 
cent oil before the highly diluted sprays containing from 0.9 to 2 
percent of oil were prepared. The stock emulsions used throughout 
the work were numbered consecutively from 1 to 9, inclusive, and the 
sprays made from them were designated in a like manner. 

Table 2 shows the composition of the sprays applied to potted 
camphor-tree (Ciniumomvm camphora) plants in the laboratory. 
The stock mixtures were prepared 1 day prior to application of the 
sprays, the sprays being made up at the time of application by 
dilution with distilled water. 

4 Dawsey, L II spontaneous emi lsifk ation in the preparation of oil sprats. Unpublished 
manuscript 
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Table 2. Composition of oil sprays used against the camphor scale on potted 
camphor-tree plants in tin laboratory June 14 and Aug. 2/ h 1932 





Composition of sprays 

Stock emulsion no 1 

Oil used 

Date of 
spiajmg 

Spra> 
no 2 

\ olurne of 
stock emul¬ 
sion taken 

Oil content 
of spra> 

Normality 
of sodium 
oleate in 
aqueous 







phase X10 < 





Cc 

Pi remi 


1 

W K. 

June It 

fid 

Ub 

60 

Kf> 

1 0 

1 7 

0.62 
11 34 

2 

WR/L-1778 

. do 

/2a 

12b. 

mi 

8, r ) 

1 0 

1 7 

6 62 
11 34 

3 

Tv-1778 . 

. do. . 

fdn 

Mb. 

Ml 

86 

1 () 

1 7 

6 62 
11 34 

4 

WR.. 

Aue 24 

1/4.1 

14b 

46 

76 

9 

1 6 

6 96 
9 98 

", 

VV R/L-1778 

. do. 

( r > a. 

15b.. 

4 r > 

9 

1 6 

6 96 
9 98 

1) 

_ _ 

L-1778 _ 

do. . 

/6a 

16b . 

46 

73 

9 

1 6 

6 96 
9 98 


1 Each stock emulsion was made of 200 oe of oil, 4 3 ce of .1 03/N oleic and, and .100 eo of distilled water, 
and had an oil content of 40 percent b> volume 
‘'The total volume of the spray after dilution was 2,000 oe 


For the field sprays, both the oil concentration and the soap con¬ 
centration were higher than in the laboratory sprays. The oil con¬ 
centration was 2 percent and the emulsifier concentration (normal¬ 
ity of sodium oleate in the aqueous phase) was 24.7X10“'. The effect, 
of increasing the oil content is to deposit a heavier film of oil on the 
tree. The effect of increasing the soap concentre t-ion is to decrease the 
oil deposit, but in this particular case, where 100 gallons of spray was 
made at a time, it was necessary to use New Orleans tap water, and 
an excess of soap was necessary to overcome its hardness and at the 
same time keep the oil globules in suspension. 

Fiekl-spray experiments ( 1 ) conducted in 1931 had shown that 
the kills most suitable for accurate mortality determinations (50 to 
75 percent) might be obtained by using a spray containing 2 percent 
of oil (emulsified with potassium fish-oil soap) and having a soap nor¬ 
mality of 26.3X 10" 4 . Effort was therefore made to approximate that 
composition in the field sprays. For each stock emulsion the oil was 
emulsified by the spontaneous method into a mixture containing 40 
percent of oil. Two gallons of the oil was poured into a 15-gailon 
oak keg, to which a stirrer driven by a ^-horsepower, 1,750-revolu¬ 
tions per minute motor was clamped; 0.0793 gallon (300 cc) of 3.05 
normal oleic acid was stirred into the oil; 0.0817 pound of C. P. 
sodium hydroxide was dissolved in 1 gallon of distilled water, and 
this alkali solution was slowly added to the oleic acid-mineral oil 
mixture with fast mixing. After emulsification, 2 gallons more of dis¬ 
tilled water was added and the whole 5 gallons of emulsion stored 
overnight in a large milk can for use in field spraying the following day. 

These stock emulsions, nos. 7, 8, and 9, each containing 40 percent 
of oil (WR, WR/L-1778, and L-1778, respectively), were diluted with 
tap water to a final volume of 200 gallons to form sprays 7F, 8F, and 
9F, each containing 2 percent of oil. The emulsifier concentration 
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(normality of sodium oleate in the aqueous phase) of 24.7 X10 -4 in¬ 
cludes oleates of calcium, magnesium, etc., formed with undeter¬ 
mined quantities of mineral salts in the dilution water. 

APPLICATION OF LABORATORY SPRAYS 

The potted camphor-tree plants to which the laboratory sprays 
were applied had previously been artificially infested by the “box” 
method (/); so the populations were of uniform age distribution, and 
differences in the mortality of scales attributable to variation in age 
susceptibility were eliminated. The insects were in the adult stage at 
the time of spraying. 

The laboratory spraying outfit consisted essentially of apparatus 
already described, and standardized conditions of spray application, 
like those described in the earlier paper (1), were maintained. The 
applications were made with a compressed-air sprayer consisting of a 
2-liter metal tank, to which was attached a short piece of rubber hose 
fitted with a vermorel nozzle. The air-inlet pipe reached nearly to 
the bottom of the tank, so the incoming air provided sufficient agita¬ 
tion to insure an even distribution of oil within the tank. The in¬ 
fested plants were placed upon a revolving platfomi, at a distance of 
1 meter from the nozzle, and each plant was spruyed for 24 seconds at a 
constant pressure of 40 pounds per square inch. The six sprays of 
the first set, numbered la to 3b (table 2), and containing 1 and 1.7 
percent of oil, respectively, were applied on June 14. The other six 
sprays, designated 4a to 6b, were applied on Augusl 24, but the oil 
concentrations were reduced to 0.9 and 1.5 percent, respectively, for 
the two series of the second set, because the scales of this brood were 
not so old as those of the earlier brood. Each set was treated as an 
independent experiment, since the applications were made at differ¬ 
ent times of the year. The number of plants composing the June 14 
set was 46, of which 8 were sprayed with distilled water as checks; 
the number of plants composing the August 24 set was 42, of which 
7 were sprayed with w'ater as checks. The plants were from 15 to 
20 inches in height and about 2 years old when sprayed. 

APPLICATION OF FIELD SPRAYS 

In the field sprays an entirely different technique was employed, 
the applications being made with a power sprayer of a type used in 
commercial work. The camphor-trees to be sprayed were located in 
Metairie Cemetery on both sides of a driveway running southwest 
and northeast. They were heavily infested with adult scales and 
ranged from 10 to about 25 feet in height. All were in the open and 
exposed to the sun at all times of the day. The trees along the drive 
were numbered from 1 to 10, going in the northeast direction, the 
numbers alternating from one side of the road to the other. Nos. 1, 
6, and 9 were designated as check trees and w ere left unsprayed. The 
remaining seven trees were sprayed between 9 a. m. and noon on 
November 22. Spray 7F w T as applied on trees 2, 3, and 5; spray 8F 
on trees 4 and 7; and spray 9F on trees 8 and 10. Applications were 
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made with a power spray machine at 350 pounds’ pressure. The 
time during which each tree was sprayed depended upon the size of 
the tree, and an attempt was made to secure uniform coverage or 
wetting of all parts of each tree. At the time of spraying a number 
(from two to five) of small branches on each tree were tagged as 
suitable for making counts and mortality determinations of the 
scales located thereon. 

In order to determine whether any separation of the oil occurred 
in the spray tanks, samples were taken from the nozzle at the begin¬ 
ning and end of the application of each spraying and analyzed for oil 
content. These samples show ed from 1.9 to 2 percent of oil. Since 
a difference of 0.1 percent is within the limits of accuracy of the 
method of sampling and analysis, it was concluded that no break¬ 
down of the emulsions occurred while spraying, and that all trees 
received substantially the correct oil concentration. 

RESULTS 

OIL DEPOSITED BY SPKAYS 

Since the previous work done in a study of the insecticidal action 
of emulsions at this laboratory (7) has shown that the percentage of 
insects killed is closely related to the quantity of oil deposited on the 
plant surface by the spray, analyses were made to determine the 
quantity of oil deposited on camphor-tree foliage by all sprays 
described herein. 

At the time the potted plants were treated on June 14, portions of 
the same sprays were applied to pairs of branches from green cam¬ 
phor-trees. The number of leaves on the branches usually amounted 
to about 1,000. After being sprayed, the branches were allowed to 
dry, and from each brand) (there were duplicate branches for each 
spray) approximately 500 leaves were clipped. These leaves were 
thoroughly mixed, and from each lot 200 disks 2 cm in diameter were 
stamped by means of a leaf die. The disk samples were then extracted 
with ether as the first step in the determination fi (3) of the quantity 
of oil deposited by the respective sprays. 

In the laboratory tests of August 24 the method of application of 
sprays to foliage more closely approximated the method by which 
the potted plants were sprayed. Branches cut from trees in the 
field were brought to the laboratory, and the smaller twigs were cut 
off and formed into bunches, which were then stuck into pots to 
simulate the potted plants. These were placed on the revolving 
platform and sprayed in the same way as the plants, except that the 
time of application was lengthened to 45 seconds because of the 
greater quantity of foliage. Table 3 shows the average volume of 
oil found per square centimeter of foliage, listed together with the 
sprays producing the deposit. (See table 1 for composition of these 
sprays.) 

5 DaWSEY, L IT THK DETERMINATION or UNREFINF D MINERAL OII8 RETAINED BY LEAK HUKFAf KS FOL- 

iowino sprayinu Unpublished manuscript 
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Table 3 —Quantities of oil deposited on camphor-tree foliage by laboratory spiay s, 
showing analyse « of duplicate samples for each spray 


avs applied June 14,1932 




Volume of oil deposited 



per square centimeter 


Analysis 

of leaf surface at 20° C 

Spny no 

sample 






no 

Volume 

Average 



found 

volume 



CcXtO* 

CcXIOi 

la 

{ i 

4 59 

4 22 

} 4 4 

2 a 

{ ic 

4 22 

4 1C 

j 43 

3a 

{ >8 

4 20 

4 19 

} 42 

lb 

f 2 

6 04 

7 26 

} 07 

2 b 

/ 17 

1 18 

5 58 

5 55 

} 58 

4b 

/ n 
12 

6 18 

6 12 

i 

} 62 


Sprays applied Aug 24, 1932 




Volume of oil deposited 



per square centimeter 


Analysis 

of leaf surface at 20° C 

Spray no 

sample 

no 



Volume 

Average 





found 

volume 



tcXIO* 

tcXIOs 

4a 

f \ 

4 04 

4 09 

} 41 

5a 

{ 1b 

4 17 

4 04 

} 41 

0 a 

{ 10 

3 77 

3 77 

} AS 

4b 

{ \ 

5 74 

5 59 

} ” 

5b . 

f 17 

\ 18 

5 74 

5 69 

!} 57 

6 b 

/ 11 
\ 12 

4 85 

4 79 

} 48 


'Nr 

The deposits produced by sprays la to 3a should be slightly greater 
than those of sprays 4a to 6a, inasmuch as the oil concentration in 
the former was 1 percent while in the latter it was only 0 9 percent 
This appears generally to be the case for corresponding preparations 
in the sprays applied June 14 and those applied August 24. On the 
other hand, the average oil deposits of the “b” sprays, in each series, 
were higher than those of the “a” sprays in the same series, because 
the oil concentrations were much higher 

The disagreement between deposits from the sprays of equal 
strength, as shown in table 3, is not thought to be due to large errors 
in chemical analyses, since check samples containing known quantities 
of each oil were run simultaneously with the test samples. The lack 
of agreement is more likely to have been caused by nonuniform spray¬ 
ing of the duplicate tree branches, in spite of the precautions used in 
applying the sprays. A second source of error probably lay in the 
random difference in leaf surface as it affected the quantities of oil 
deposited The question of lack of uniformity in coverage as being 
due to changing oil concentrations in the sprays during application 
was separately investigated for the laboratory sprays applied August 
24. Samples of stock mixtures 4a to 6b (table 2) were placed in the 
reservoir of the spray apparatus, and the same volumes of spray 
liquids as were applied to each infested ^roup of camphor plants 
were sprayed from the nozzle and caught in beakers for determina¬ 
tion of the percentage of oil in each portion. There were six 300-cc 
portions in each case, including the liquid ejected at the beginning 
w T lien the spray tank was full and the liquid at the end when the tank 
was nearly empty. If the oil globules actually had collected toward 
the top of the tank, the first portions of the spray would have been 
low 7 er m oil content than the last portions, since the outlet pipe pro¬ 
jected to the bottom of the spray reservoir. All tests made in this 
manner showed no change in the percentage of oil in the liquids, 
hence the trouble could not be located at this point. On the contrary, 
the oil-percentage determinations indicated that the quantity of oil 
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in the sprays as they left the nozzle of the apparatus eould he con¬ 
trolled with high precision. 

In preparation for the determination of the oil deposits produced 
by the field sprays, certain portions of each sprayed tree that offered 
the proper degree of infestation had been tagged prior to the spray 
application. Since mortality counts 'were to be made on these twigs, 
leaves from these twigs and from the immediate vicinity w ere detached 
after the sprays had dried, and disks 2 cm in diameter were cut 
from them. Duplicate samples of only 150 disks were taken from 
each tree, since the oil deposits on the foliage appeared to be heavy. 
The tagged, infested twigs, upon which the tips and younger shoots 
were left untouched, were left growing on the tree. The quantities 
of oil found m these samples are shown in table 4. Again, in these 
field sprays, differences in samples were found, but they are likewise 
attributed to small errors in analyses or to larger and unavoidable 
discrepancies due to nonuniform spray coverage. 


Table 4 Quantities of oil deposited on camphor-tne foliage per square centimeter 
of leaf surface m field spraying, l as shown hy analyses of duplicate samples from 
each tree sprayed 


Tree no 

Spray 7F 

Spray 8F 

Spray 9F 

Tree no 

Spray 7F 

Spray 8F 

Spray 9F 


CcXlO* 

1 

CcXJO * 

CcXJO * 


CcXIO* 

CcXIM 

CcXIO » 

2 

f 9 6 

1 9 8 


- 

7 

{ 

JO 2 

9 4 

- 

1 

f 10 6 

l 9 0 



8 

{ 


10 2 
9 6 

4 

{ 

9 4 

8 » 


10 

{ 


10 t 
10 6 

r ) 

I 87 

1 JO 4 


_ ' 1 





1 Eac h spray contained 2 percent of oil The soap concentration (normality of soap in the aqueous phase) 
of 24 7X10~ 4 includes oleates formed with sodium, calcium, magnesium, etc , in the dilution water 


DETERMINATION OF MORTALITY 

Because of unavoidable delays in securing the proper oils, the 
scales at the time (June 14) of the first laboratory tests w r ere repro¬ 
ducing by the time they were sprayed. If they had been kept under 
summer temperatures, many of the living scales would have deposited 
all their eggs and died before the mortality counts could have been 
completed, so it was necessary to retard the rate of development by 
subjecting the insects to low temperatures. The sprayed plants were 
placed in a cold room, where they w T ere held at temperatures of 11° 
to 13° C. until the mortality had been determined. Counts were 
started June 29 and completed July 2, 18 days after spraying 

Earlier tests had shown that even lower temperatures did not cause 
any mortality of camphor scales when kept in the cold room for 3 
weeks. In these preliminary cold-room tests, made earlier in the 
year, infested twigs were taken from camphor-trees in the field, the 
leaves removed, and the twigs (with the cut ends in water) w T ere placed 
in the cold room, w T hich was held at a temperature of 8° to 11® C. 
The natural mortality for one sample of these twigs was determined 
at the time of cutting, and for two other samples 15 and 21 days 
later. The results are given in table 5. 
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Table f> —Proportion of adult scales found alive on sample twigs on different 

dates, 1932 


Date counted 


Jan 14 
Jan 29 
Feb 4 



Period 
in cold 
storage 

Overwinter¬ 
ing adults 
counted 

Adults 

alive 

1 

Day i 

0 

15 

21 

Number 

800 

779 

811 

Percent 

80 8 
84 2 
80 7 


No significant changes in mortality were found; in fact, the counts 
made January 14 and February 4 showed unusually clo^e agreement 
for duplicate samples lrom the field 

The counts were made in the manner described in a previous paper 
(1), but the methods of analyzing the data differed from those used 



POPULATION DENSITY (PERCENT) 

Jmgurf 1 — Survival of camphor scales on potted camphor tree plants sprived Tune 14, 1932 The upper 
curve represents the average survival for the la, 2a, and 3a spravs, which contained 1 percent of oil r l lie 
lower curve represents the average survival for the lb, 2b and lb spruvs, containing 1 7 percent of oil 
open circles represent the average survival at different population densities for the 1 percent sprays 
solid circles, the average surv i\ al for the 1 7-percent sprays 

in the earlier work. After determining the natural mortality at each 
population-density interval, the numbers of dead and living scales 
at each density were totaled for the plants sprayed with the same oil 
concentration Corrections were made for natural mortality, and 
the percentages killed by the sprays estimated In this way curves 
w 7 ere obtained (fig. 1) which represented the average survival for the 
three oils at each oil concentration. Then the number surviving 
each oil was compared with the average survival for the three oils 
at the corresponding concentration, and the deviation from the 
average curve found at each density interval. To illustrate this 
procedure, a sample summary is shown in table 6. By taking the 
algebraic sum of the deviations, the differences in survival for the 
three oils were found These differences were finally expressed as 
percentages of the total number of scales alive before spraying, as 
shown in table 7. * 
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Table 6 —-Sampit summary used in the estimation of relative tffectweness of sprays 
madt from oils differing in sulphonatable content 

[The numbor of scales alive before spraying was obtained by multiplying the total number of scales at 
each population density by the percent alive m the check The number expected to survive was esti 
mated by multiplying the number alive before spraying by the average rate of survival at the corre¬ 
sponding density as shown in fig 1 The data given are for sprav la, containing 1 percent of oil] 


Population 

density 

Scales 
alive 
before I 
spraying 

Scales 

surviv¬ 

ing 

Scales 
expe( ted 
to sur¬ 
vive 

Dev in 
tion 

Population 

density 

Scales 
alive 
before 
sprav mg 

Scales 

surviv¬ 

ing 

Seales 
expec ted 
to sur- 
v ive 

Devia¬ 

tion 

5 percent - 
15 percent 

25 percent . 
35 percent 

45 percent . 

Nuviber 

82 

in 

104 

82 

110 

Number 

14 

45 

51 

40 

102 

Number 

17 

37 

40 

41 
88 

Nu mber 
- 1 

8 

1 

14 

55 percent. 

85 percent 

95 percent 

Number 

90 

50 

92 

Number 

57 

31 

71 

Number 

04 

19 

74 

Nu mber 

-8 

-1 


Table 7 —Comparison of rates of survival of camphor scabs on potkd camphor- 
tret plants treated with sprays made from oils differing m sulphonatabh content, 
sprays applied June 14 , 198J 


Spray no 


la 

2a 

3m 

lb 

2b 

1b 


Propor¬ 
tion of 
oil sul¬ 
phonat¬ 
able 


Oil (on 
(entra- 
tinn in 
spray 


\veraee 
oil deposit 
per square 
centimetci 
of loaf 
surface 


Plants 


Scales 
alive 
before 
spraving 


Pent nt 
0 
10 
11 
0 
10 
11 


Percent 
1 0 
1 0 
1 0 
1 7 
I 7 
1 7 


CcXIO' 

4 4 
4 1 

4 2 
0 7 

5 0 
b 2 


Number 

b 

b 

b 

b 


Nnmbir 
705 
*S04 
002 
€» 71 
557 
582 


Dev latum from aver 
age survival curve 


In scalps 
surv lv - 

In rate of 
surv iv al 

mg 1 

Nu mbtr 

Ptrttnl 

+ H 

+ 1 7 

+ 19 

+ 1 8 

-18 

- 2 7 

¥2 

d i 

- 20 

~4 7 

f 21) 

H 5 


1 r l he curves of fig i were fit ted so as to make the ‘•urn of the residuals approxunatelv zero Suit e m (al* 
dilating the residu Us the deviations from the curve were weighted by the square root of the number o f 
scales at each density, the sum of the actual deviations as shown in this column will not necessarily be 
zero 


The methods of counting and analysis of the results of the sprays 
applied August 24 were the same as described for the June 14 sprays. 
Figure 2 shows the average survival curves for each of the two oil 



POPULATION DENSITY (PERCENT) 

Figure 2—Survival of camphor scale*, on potted camphor-tree plants sprayed August 24, 1932 The 
upper curve represents the average survival for the 4a, 5a, and fta sprays containing 0 9 percent of oil 
The lower curve represents the average survival for the 4b, 5b, and Ob sprays containing 1 5 percent of oil 
Open circles represent the average survival for the 0 9-percent sprays, solid circles, the average survival 
for the 1 5-percent sprays 
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concentrations. The deviations from these curves of the survival 
rates for each spray are given in table 8. 

Table 8— Comparison of rates of survival of camphor scales on potted camphor-tree 
plants treated with sprays , made from oils differing m sulphonatahli content , sprays 
applied Aug L91M 



Propor¬ 
tion of 
oil sul 
phon it- 
vble 

Oil con 

4verage 
oil deposit 


Scales 

Deviation from a\ ei 
age sun i\al curve 

Sj rav no 

cent ra¬ 
tion m 

1 sprav 

| 

per mpiaie 
centimeter 
of leaf sur 
face 

Plants 

aliv e 
before 
spraying 

In scales 
surv iv - 
mg 

In rate of 
surv iv al 


Percent 

Per cent 

OXiO 6 

Number 

Number 

Number 

Perci nt 

41 

f> 

0 9 

4 1 

5 

i 281 

-4 

- 1 2 

r )H 

16 

4 

4 1 

b 

1 697 

+6 

+ » 

(>a 

33 

9 

3 8 

6 

834 

-8 

-1 0 

4b 

0 

1 S 

r > 7 

(> 

r >74 

-42 

-7 3 

r )b 

16 

1 5 

b 7 

r, 

1,041 

+ W 

+ '5 3 

fib 

13 

1 ^ 

4 8 

(> 

824 

— 22 

-2 7 


1 figures for this sprav do not mdude 1 plant which showed onlv 21 pert out dead (n dural niorlahtv in 
checks w is ll r > permit) md was inconsistent with the other r > plants in this group 'I he reason for ttu 
low kill is unknown Possiblv the plant had a roughened hark insteid of^Hie usual smooth green baik 
On Mich plints the kill is alwavs lower If tin*- plant is included, the 4a sprav shows a deviation from 
the tveiage curve of 14 7 percent, the etTect therefore would be to increase the variabihtv of the results 
but not to indicate a difference due to the sulphonatable portion of the oil 


At the time the field sprays were applied the living overwintering 
seales were nil adults, about 95 percent being in the pink and gravid 
stages. In making the counts from the field material the dead adults 
of the older broods and those attacked by predators or fungous 
diseases were classified separately. They were used in estimating 
the population density, but were then eliminated from further cal¬ 
culations. The proportion of dead immature scales was negligible, 
and such scales were not included in the counts. 

Immediately before applying the sprays, infested branches were 
cut from the trees to be sprayed and the natural mortality was 
determined. No systematic variations in the proportion of dead 
scales were found throughout the rows. Counts were also made on 
branches of the check trees at intervals until the spray counts were 
completed, and no changes in the natural mortality were found during 
this time; accordingly, all the check counts were averaged to find the 
natural mortality at each population density. The proportion of 
dead scales in the unspraved branches increased from 3 percent, 
when 5 percent of the twig area was covered by scales, to 8 percent 
when the population density was 95 percent. 

From the natural mortality curve the number of scales estimated 
to be alive before spraying was found for each of the sprayed twigs, 
and from the number actually found alive the survival was calculated 
as a percentage of the number of scales alive before the application. 
The survival percentages are given in table 9 and are shown graphically 
in figure 3. 
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Table 9 —Comparison of the rates of survival of camphoi scales {at different 
population dcnsitie s) on camphen-trees m Metenrie Cemetenj, aftet tuatment, 
Nov 22, 1932, with sprays ?F, SF, and 9F, made fiom oils containing different 
proportions of sulphonatabU compounds toqeth<r with data concerning quantities 
of oil deposited on leaves and some of the pi ope) tie s of the oils used 

spRA5 s ISH) 


Sj rnv no 

Oil Used 

Snbolt 
\ isc osit V 
of o 1 at 
1(K)° * 

; 

Proportion 
of oi 1 \ ola 
tih/ed 
(24 hours 
it 100° * ) 

spec die 
gnv it \ 
of oil at 
ts° b 

1 

| Proportion 
of oil sul 
phonatablc 



_1 

Sc tonds 

Pmnit | 


/*/ rrc nt 

lb 

1 \\ K 

91 9 

1 11 1 

« s >12 

( 

si* 

W H I 17's 

<r s 

1 12 

s( ~9 

1 1(1 

91 

1 r-s | 

101 9 

J r 9 


1 II 


Worage 
\oluine of 
oil depos 
itod per 
square cen¬ 
timeter of 
leaf surface: 


CiXlO ’ 
9 ‘ 
9 1 
10 


Hh si T is Willi \ VHIOI s sPK U ^ 


Populition densitv 
(percentage of 
tw i g area c overed 
b> s ( tdes) 


0-10 
l(b 20 
20 10 
l(b 40 
40-50 
50 00 
00-70 
70- SO 
SO <10 
90-100 


C luc ks 

Sc lies 
lll\C 

be fore 

stir\ i\al 

sprav mg 


A umber 

Pt ret nt 

'01 

9( 9 

1 (K)S 

90 1 

1 Ilf. 

y r 8 

1 008 

9 r 0 

800 

91 9 

918 

91 0 

(42 

94 0 

4M> , 

90 9 

2)8 

94 4 

4( 1 

91 ( 


sprav "1 


Sc lies 
alive 
be fore 

surv iv al 

spun mg 


A umber 

Pm mi 

299 

20 7 

074 

42 2 

74(> 

49 5 

841 

02 2 

(142 

57 8 

410 

78 () 

272 , 

71 7 

2I( 

70 4 

149 

“1 1 

144 ! 

58 (> 


spri\ si 


sc lies 

illV l 

( orueted 

be f< re 

surv iv d 

sprav mg 

\ nm bn 

Pmmt 

2K2 

14 0 

"8 

4< 1 

900 

*4 9 

948 

« 0 

0H0 

"> 9 

108 

"0 2 

4 49 

92 0 

J94 

81 4 

92 

100 0 

12 

81 0 


spm\ 91 


S{ lies 


nil v t 

( orreeted 

before 

surv iv al 

spr i\ nif. 


y, umber 

Ptntnt 

254 

21 1 

84 4 

44 1 

1 129 

47 1 

811 

49 9 

914 

02 7 

827 

57 (1 

585 

72 0 

2,40 

08 0 

429 

74 2 

457 

74 1 


1 l ach spi i\ contained 2 peicent of oil to 9S pc»ic» nt of soap solution vv Inch vv is 21 ( X10 4 normal in soaps 



POPULATION DENSITY (PERCENT) 

* ic.urk 4 Surv ival of camphor scales from oil spravs applied to camphor trees 1 he lower curve repre¬ 
sents the average survival for sprays 7* (W R oil) and OF (L-1778 oil) the unper curve the survival 
for spray SF (containing a mixture of t he two oils) ( rosses represent surv iv al from the WR oil spra> 
open circles, survival from the L 177K oil spray and solid circles, surv i\ al from the sprav of the two oils 
mixed Fach spray contained 2 i»ercent of oil 

75124— 40-r# 
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From the curves of figure 3 it may be seen that the values at each 
density for the 7F and 9F sprays feli so close together that they could 
be fitted by one curve The oils used in these sprays represented the 
two extremes in sulphonatable content. The survival from the 8F 
spray was uniformly higher over the entire range of population 
density. This oil was a mixture of the two other oils, and therefore 
intermediate in its properties. The average oil deposit from this 
spray was slightly lower than from the others, but the difference, 
although it may have been a contributing factor, was hardly sufficient 
to account for all of the difference in scale mortality. Other possible 
reasons might be differences in the texture of the bark, or more foliage 
on trees 4 and 7 to hinder the oil from reaching the tw T ig surfaces 
where the scales were located. 

DISCUSSION OF RESULTS 

From the curves shown in figures 1 and 2 it was found that the 
average survival for the laboratory sprays containing 0 9 percent of 
oil ranged from 29 percent at a population density of 5 percent to 90 
percent at a population density of 75 percent, atid for the spray with 
1.5 percent of oil, from 15 to 07 percent at the same population den¬ 
sities; for the 1-percent spray the survival ranged from 21 to SO percent 
within the population density limits of 5 to 95 percent, and for the 
1.7-percent spray, from 9 to 59 percent within the same limits. In 
the field sprays, when 2 percent of oil was used, the two oils of 6- 
percent and 33-percent sulphonatable content killed practically the 
same proportion of scales, the survival ranging from 25 to 78 percent 
over the entire population-density range, while for the oil containing 
16 percent sulphonatable material the survival was 36 to 96 percent 
(fig. 3). The oil deposit on the leaves was considerably greater in 
the field applications, and it appears probable that a larger proportion 
of the oil was deposited on the foliage relative to that deposited on the 
twigs, by the field sprays than by the laboratory sprays. 

The data given in tables 7 and S show no systematic differences in 
the laboratory tests which could be attributed to the sulphonatable 
portions of the oils used. In table 8, sprays 5a and 5b, in which the 
oil used w T as intermediate in its sulphonatable content, show slightly 
higher rates of survival than the other sprays in their respective 
groups. Otherwise the differences in the oil deposit and insect 
mortality appeared to be entirely random and well within the limits 
of variation ordinarily encountered in the effects of sprays where a 
comparatively low’ mortality is obtained. The results of the field 
sprays (table 9 and fig. 3) agree with those of the laboratory sprays 
in failing to show’ any differences in insecticidal efficiency resulting 
from differences in the sulphonatable portion of the oils. In all of 
these tests, therefore, no evidence w r as found that the sulphonatable 
portions of the oils had any effect upon the insecticidal action when 
the other physical and chemical properties of the sprays were uniform. 

EFFECT OF OILS UPON PLANTS 

Little concerning the relation between plant injury and refinement 
of the oil can be deduced from the laboratory spray tests, since small 
potted camphor-tree plants with faw leaves and a heavy scale infesta¬ 
tion may be much more easily injured than trees in the field. Of the 
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trees to which the field sprays were applied, only the two (nos. 8 and 
10) sprayed with the oil containing 33-percent sulphonatable material 
exhibited any appreciable injury. On February 1 these had lost 75 
to 80 percent of their leaves, whereas none of the others had had more 
than a 10-percent leaf drop. Freezing weather (20° F.) occurred on 
February 9, and on March 10 tree 10 was completely defoliated and 
tree 8 had only a few new' leaves at the top. However, one of the 
trees sprayed with the mixed oil and one of the check trees had very 
few leaves also. The other trees were apparently normal. Other 
unsprayed trees throughout the city showed great variation in their 
resistance to the low' temperature, and it is not known how much of 
the injury in the sprayed plot can be ascribed to increased suscepti¬ 
bility resulting from the oil sprays. However, the fact that trees 
8 and 10 had by far the greater leaf drop before the freeze may indicate 
that under normal conditions the le«s refined oils are more toxic to 
camphor-trees. 

SUMMARY 

The comparative insecticidal value of three petroleum oils with 
0, 16, and 33 percent by volume, respectively, of sulplionatable 
material w r as investigated in laboratory and field spraying tests. The 
oils were applied, in the form of emulsions containing from 0.9 to 
2 percent of oil, sodium oleate soap being used as the emulsifier, to 
cainphor-tree plants and trees infested with the camphor scale 
(Pscudaonidia duplex fCkll.)). The other characteristics of the 
different oils were substantially the same, so that any detectable 
differences in scale mortality could be due only to differences in the 
sulphonatabic portions. 

When sprays which gave equal oil deposits were compared, the 
variations in mortality appeared to be entirely random, and no dif¬ 
ferences were found which could be attributed to the sulplionatable 
content of the oils. 

For making comparisons between the toxicities of different oils, 
the first condition it was sought to satisfy was that of obtaining 
equal oil deposits on the plants. Analyses of the oil deposits left 
by sprays showed that substantially equivalent deposits w ere obtained 
when equal concentrations of the different oils w r ere applied. In the 
laboratory tests the oil deposits produced w r ere independent of the 
sulplionatable content of the oil but varied directly with the oil 
content of the spray, ranging from 3.8X10~ 5 cc per square centi¬ 
meter of leaf surface for a 0.9-percent emulsion to G.7X10~ 6 cc per 
square centimeter for a 1.7-percent emulsion. In the field spraving 
w T ith emulsions containing 2 percent of oil the deposits ranged from 
9.5X10' 5 ec to 10.1 X10~4cc per square centimeter of leaf surface. 

The average survival for the laboratory sprays containing 0.9 
percent of oil ranged from 29 percent at a population density of 5 to 
90 percent at a population density of 75 percent, and for the 1.5- 
percent sprays, from 15 to 67 percent at the same densities; for the 
1-perecnt sprays, from 21 to 80 percent at densities of 5 to 95 percent; 
and for the 1.7-percent sprays, from 9 to 59 percent within .the same 
density limits. In the field sprays, where 2-percent emulsions were 
used, the two oils containing 6" and 33 percent of sulplionatable 
material, respectively, killed the same proportion of scales, the sur- 
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rival ranging from 25 to 78 percent over the entire population- 
density range, while for an oil containing 16 percent of sulphonat¬ 
able material the survival was from 36 to 96 percent. 

No conclusion as to the effects of the oils on potted plants was 
practicable, inasmuch as such results would not be typical of reactions 
under field conditions; however, in the held tests the trees sprayed 
with 2-percent emulsions made with oil containing 33 percent of 
sulphonatable material showed a 75- to 80-percent leaf drop when 
observed 10 weeks after the spraying date. Trees sprayed with oils 
of lower sulphonatable content had a maximum leaf drop of less than 
10 percent. 
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TRANSMISSION OF SUGARCANE MOSAIC BY THE RUSTY 
PLUM APHID, HYSTERONEURA SETARIAE 1 


Bv J. W. Ingram, entomologist , Division of Cereal and Forage Insect Investiga¬ 
tions, Bureau of Entomology and Plant Quarantine , and E. M. Summers, assistant 
pathologist , Division of Sugar Plant Investigations , Bureau of Plant Industry , 
C sited Statis Department of Agricult un 1 

INTRODUCTION 

The spread of mosaic to supposedly resistant varieties of sugar¬ 
cane such as Co. 2S1 and C. P. 807 during recent years, and the 
demonstration of the existence of various strains of the mosaic virus 
have made evident the need for a detailed study of mosaic spread in 
Louisiana. This study includes not only the determination of 
general and specific factors in epidemiology, but a survey for possible 
additional vectors. Brandes, 4 in 1920, reported experiments show¬ 
ing that sugarcane mosaic was transferred by the corn leaf aphid 
{Aphis maidis Fitch). In this paper Brandes stated that the suc¬ 
cessful experiments with the corn aphis were of great interest scien¬ 
tifically, but added that it was “not believed that transmission of 
mosaic is restricted to this insect or to other aphids more abundant 
on cane.” Braudes’ findings concerning *1. maidis were confirmed 
by other investigators. Despite attempts, by Brandes and later 
workers, at transmission with other insects, .1. maidis has until 
recently remained the sole proved vector of sugarcane mosaic. 

In 1980 the senior author began a study of the abundance ot Aphis 
maidis in and around sugarcane fields to determine its relationship 
to the spread of mosaic in Louisiana. At the same time counts were 
made of other sucking insects found in such locations. Preliminary 
•surveys showed that the rusty plum aphid (Ilysteroneura setariae 
(Thomas)) was the most abundant of all aphids found on sugarcane 
in Louisiana. In view of its abundance and the fact that it had not 
previously been tried as a vector in the United States, transmission 
experiments were undertaken. This paper summarizes preliminary 
experiments showing that this aphid can transmit the mosaic of 
sugarcane. 

GEOGRAPHIC DISTRIBUTION AND HABITS OF THE RUSTY PLUM 

APHID 

Under the name of the rusty, or rusty-brown, plum aphid, lli/ste- 
rontura setariae apparently is distributed on plums, with grasses as 
alternate hosts, throughout most of the United States. Van Dine 5 
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states that it is generally distributed on sugarcane in Cuba, and 
Wolcott 6 reports its presence in Puerto Rico. The aphid has been 
generally found feeding on sugarcane and on other grasses in southern 
Louisiana. It has also been found feeding on plum twigs in this 
section, but plum trees are relatively rare around sugarcane fields. 
The rusty plum aphid feeds on grasses throughout the year in south¬ 
ern Louisiana. Following the low temperatures of the winter of 
1934 3. r >, a few individuals were found at all times feeding on perennial 
Andropogon sp. along cane-field ditchbanks. 

On sugarcane these aphids are generally found on the collar lobe 
at the junction of the leaf blade and sheath, but sometimes also in 
the central whorl or on other parts of the plant. They are usually 
attended by ants that often form a protective dirt or borer-frass 
covering over them. They have been found on a large number of 
grasses that are common in and around cane fields, and some of 
these are also hosts of sugarcane mosaic. On the larger grasses the 
aphids arc usually found feeding in the same positions as on cane; 
but on the smaller grasses, such as Setaria lutescens and Kleusine 
indica, they have been observed in all positiqys along the stem and 
even on the glumes. 

The relationship of the rusty plum aphid to mosaic spread appar¬ 
ently has not been studied except by Loftin and Christenson 7 who, 
working in Cuba, reported the transfer of 10 to 00 Hysteroneura 
setariae from mosaic-infected sugarcane plants to each of 28 healthy 
plants of the susceptible varieties Cristalina and P. (). J. 2883. No 
mosaic appeared on any of these 28 plants. 

EARLY EXPERIMENTAL WORK IN WHICH CAGES WERE USED 

Because of very limited greenhouse space, a succession of experi¬ 
ments in small cages or other enclosures was first undertaken in which 
large numbers of aphids were simply colonized on mosaic-infected 
plants and left to find their way later to the authentic healthy plants 
placed alongside in the same cage. 

A preliminary experiment was conducted in 1933 in which, under 
each of 14 lantern globes, one healthy and one infected plant, both of 
the variety P. (). J. 234, were caged together. Eighty individuals of 
Hysteroneura setariae were released in each of 5 of the globes, 40 Aphis 
rnaidis in each of 5, and 4 globes were held as checks. One new T 
mosaic-infected plant developed in one of the globes confining //. 
setariae , two in those with A. rnaidis, and none in the checks. This 
experiment was conducted in an insect-proof greenhouse on ant-proof 
benches. The plants used were grown in sterile soil, and the healthy 
plants were from seed pieces that had been observed to be healthy 
for at least two vegetative generations. 

Since this preliminary experiment incriminated Hysteroneura 
setariae as a possible vector, further experiments were instituted. The 
condensation of moisture and the high temperature in the lantern 
globes caused a heavy mortality of aphids. Additional experiments 
were, therefore, conducted in 3- by 4- by 4-foot, insect-proof, cloth 
cages, having small sliding glass doors through which observations 

*» Woicott, G N the minor si oak-cane insects or porto rico Jour Dept Agr Porto Rico, \ 5, 
no 2, 47 pp„ Illus 1921 
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were made. These cages were placed on ant-proof benches in an 
insect-proof greenhouse. As in the preceding experiment, the healthy 
seed cane lmd a mosaic-free record for at least two vegetative genera¬ 
tions, and the plants were grown in sterile soil. Experiments con¬ 
ducted were as follows: 

EXPERIMENT 1 

On December 10, 1933, 18 healthy P. (). J. 234 cane plants w r ere 
caged with (> mosaic-infected Louisiana Purple plants. These plants 
were 4 to 8 inches in height and were all growing in 4-inch paper pots. 
A total of 750 Hysteroneura setariae collected from mosaic-free 
Andropogon sp. were released on the infected plants in the cage. On 
December 18 it was found that nearly all of the aphids had died as a 
result of having been parasitized. No mosaic had developed on the 
18 plants by January 30, when the experiment was discontinued. 

EXPERIMENT 2 

Six mosaic-infected P. (). J. 3(>M plants in 5-gallon galvanized-iron 
cans and 10 healthy Louisiana Purple plants in 4-inch paper pots were 
caged together. These plants were all from 4 to 8 inches in height. 
In January 1934, 850 Ilysteroneura setariae , collected from healthy 
Andropogon sp., were released on the infected plants in the cage. 
None of the healthy plants had developed mosaic at the time the 
experiment was discontinued in May 1934. 

EXPERIMENT 3 

Six infected P. (). J. 36M and fifteen healthy Louisiana Purple plants 
were caged together. On April 19 and 20, 1934, 750 Ilysteroneura 
setariae y collected from healthy Andropogon sp., were released on the 
infected plants in the cage. One of the initially healthy plants 
showed mosaic on June 6, and two additional ones showed well-defined 
symptoms on July 6. Other healthy cane plants of the same age and 
source in the greenhouse remained free from the disease. 

EXPERIMENT 4 

Three mosaic-infected and four healthy P. O. J. 234 plants were 
transplanted together in can no. 1, and three infected and five healthy 
plants of the same variety were transplanted in can no. 2. These two 
cans were caged together and 000 Ilysteroneura setariae y collected 
from healthy wild grasses, were released in the cage on August 24, 
1934. In a second similar cage to be used as a check, three mosaic- 
infected and five healthy P. O. J. 234 plants were transplanted to 
can no. 3, and tw r o infected and four healthy plants were transplanted 
to can no. 4. The healthy and mosaic plants in each of the four cans 
were separated by an 18-mesh wire screen from the bottom of the 
cans to about 4 inches above the surface of the soil. The purpose of 
this separation was to minimize any possibility of mosaic transfer by 
contact and to prevent mosaic-infected suckers from ermerging on the 
side where the healthy cane was planted. The cans used were of the 
5-gallon galvanized-iron type. The plants were about 4 to 8 inches 
in height when the experiment was started. Three of the initially 
healthy plants in the aphid-infested cage had developed mosaic by 
September 30, a fourth by October 6, and a fifth by October 30. No 
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healthy control plants developed mosaic. Therefore, in this test 
five out of nine initially healthy plants in the infested cage contracted 
mosaic. 

EXPERIMENT 5 

Four healthy P. (). J. 36M plants were grown in each of sixteen 5- 
gallon cans in the greenhouse. On September 25, 1934, when these 
plants had readied a height of 12 inches, two cans were caged in each 
of eight insect-proof (doth and glass cages. These cages were 15 by 
28 by 29 inches. In five of the cages 25 Hysteroneura setariae 
collected from mosaic-infected plants in the field were placed on eacli 
plant by means of a camel’s-liair brush. Three cages were held as 
checks. None of the plants developed mosaic. This possibly may 
have been due to the large size and lack of vigor in the infested plants. 

EXPERIMENT 6 

One can containing four healthy P. O. J. 234 plants and another 
containing four infected Co. 281 plants were placed in each of six cages 
of the same type as used in experiment 5. Tl\e plants were from 4 to 
10 inches tall. Six hundred Ilysteroneura scoriae were collected 
from healthy Andropogon sp. and released in each of three cages on 
January 30 and 31 and February 2, 1935. On February 12, 000 Aphis 
maidis collected from Sorghum halepense were released in a fourth cage. 
Cages 5 and 0 were held as checks. All cages were fumigated on 
March 7 and remo\ed from the plants. At the time the healthy 
plants were discarded on May 2, no plant had developed mosaic. 

It is believed that, in the six experiments listed above, the incidence 
of mosaic in the infested healthy plants was greatly lessened because 
the plants were covered by the cages for such long periods that their 
growth was usually retarded. For this reason they were probably less 
susceptible to the mosaic virus than succulent, vigorously growing 
young plants would have been. In all cages in which the aphids had 
been released, they were observed in the process of feeding to some 
extent on the sugarcane plants. Information on aphid activity in the 
cages is limited, owing to the difficulty of making observations in this 
type of cage. As is the case in the field, most of the rusty plum aphids 
fed on the collar lobe where the leaf sheath and blade join. It may be 
that the possibility of transfer by feeding on these tissues, especially 
in such slow-growing plants, is less than where feeding is done on more 
succulent tissues such as the leaf spindle. In all seven experiments, 
9 of 109 healthy plants infested with Ilysteroneura setariae from 
infected plants developed mosaic, and 2 of 9 plants similarly infested 
with Aphis maidis developed symptoms. None of the checks gave 
evidence of the disease, nor did any mosaic appear in other healthy 
plants from the same source that were growing in the greenhouse at 
the same time. 

EXPERIMENTS IN WHICH GLASS TUBES WERE USED 

In an attempt to increase the percentage of transfers by modifica¬ 
tions in technique, aphids w ere confined for 24 hours on mosaic-infected 
plants in glass tubes one-half inch in diameter and 7 inches in length. 
The ones remaining alive were then transferred by means of a cameLs- 
hair brush to healthy plants, wdtere they also w r erc confined in glass 
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tubes. The technique employed consisted of slipping a tube over the 
growingpoint of a plant and closing the lower end by packing cotton 
between the glass and the plant. Aphids were then placed on the 
plant, and the upper end of the tube was closed with cotton. In 
most instances the growing point did not extend to the upper end of the 
tube, and, of course, even the first collar lobe was excluded, and this 
situation forced the aphids to feed on other parts of the leaves. The 
aphids used were collected from mosaic-free grass plants in the field. 
Twenty to thirty aphids were released on each mosaic-infected plant, 
various susceptible varieties being employed, but the number remain¬ 
ing alive for transfer to healthy plants ranged from 2 to 25, witli an 
average of about 12. Many of the aphids stuck to the sides of the 
tubes where moisture had condensed, and were incapacitated. The 
plants used in this series of experiments were from 5 to 0 inches in 
height and had been grown from cuttings planted in sterile soil in 4- 
inch clay pots. The mosaic-free cuttings were from commercial 
canes of susceptible varieties having a history of at least two known 
healthy vegetative generations. The infected plants upon which the 
aphids were confined were similar varieties of various known mosaic 
histories, in many cases the “strain” of virus involved having been 
previously determined. 

During the course of each experiment the healthy plants with their 
attached tubes w T ere confined in the 18-inch cages, previously 
described, up to the time when they were fumigated, usually after 0 to 
9 days. The experiments were conducted in an insect-proof green¬ 
house on ant-proof benches. Following fumigation, the tested plants 
were held for from fi() to 150 day* 9 to ascertain definitely whether or 
not they had contracted the disease. The results of these experiments 
are given in table 1. 
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Summarizing the experiments in table 1, it is seen that 2 cases of 
mosaic developed among a total of 62 plants that had been exposed to 
presumably viruliferous llysteroneura seta/iae , and that there was 1 
ease among 3 plants infested by supposedly viruliferous Aphis 
maidis. The two transfers by II. setariae w ere obtained in an experi¬ 
ment in which 25 aphids were transferred from Louisiana Purple, 
infected with virus strain 2, on May 2, 1935, to each of 10 plants of 
healthy P. O. J. 213. The single transfer by A. maidis was the result 
of transferring 14 aphids which had been feeding on Mosaic Co. 281 
(strain not determined) on March 1, 1935, to each of three healthy 
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P. (). J. 234 plants. No evidence of mosaic appeared in the checks in 
any of these experiments, or in other healthy plants from the same 
source that were growing in the greenhouse at the same time. No 
uncaged aphids were ever found in the greenhouse, which was fumi¬ 
gated periodically. 

The plants in these experiments were allowed to remain in small 
pots, where they made poor growth owing to lack of root space and 
difficulty in getting the proper amount of moisture. This may have 
been responsible for the small number of mosaic transfers. 

EXPERIMENTS IN 1935 IN WHICH LARGE CAGES WERE USED 

Since it is well known that the expression of mosaic symptoms 
following infection depends upon further growth and unrolling of new 
leaves, transmission experiments were undertaken in wliich the plants 
employed were kept continuously vigorous. This was accomplished 
by transplanting them either to (lats or beds in the greenhouse and 
giving them a fairly heavy nitrate fertilization. It was thought that 
shortening the feeding period of the aphids on the healthy plants to 
about S days and subsequently forcing the plafTts might increase the 
percentage of successful transfers with lighter onevra setariae. Anew’ 
series of experiments was, therefore, started in May 1935, in which 
pedigreed healthy plants growing in 4-inch pots of sterilized soil were 
transplanted to 14- by 24- bv 0-mcli flats of sterile soil after 8 days’ 
exposure to viruliferous aphids. The flats were then fertilized and 
kept under the most favorable growing conditions possible. 

In each of these experiments seven mosaic-infected plants were 
placed m insect-proof glass and cloth cages on ant-proof benches in 
the insectary. Thirty aphids collected from healthy grasses were 
placed on each plant with a camePs-hair brush. About 4 hours later 
eight healthy plants were placed in the cages alternating in position 
with the infected plants. Twenty-four hours later aphids were 
transferred from the infected plants to these healthy plants w r ith a 
eamel’s-hair brush. To each healthy plant were transferred about 
20 aphids which included a few that had in some instances moved 
from the diseased to the healthy plants prior to the transfers. They 
were allowed to feed for several days, after which all cages were 
fumigated. Check plants were given an exactly similar treatment 
except for the absence of aphids in the cages. Immediately following 
fumigation the plants with the surrounding soil were removed from 
the pots and transplanted to flats in the greenhouse, where they 
remained on ant-proof benches until discarded. Although regular 
examination were made, no aphids of any kind were ever found in 
the greenhouse. 

As in previous experiments, the plants used were all of. varieties 
known to be susceptible to mosaic. Known strains of the virus were 
used, whenever available, as a mosaic source, and field-run mosaic 
cuttings were used at other times. The cages employed in these 
experiments were 15 by 28 by 49 inches high and 16 by 30 by 33 inches 
high. All cages used in any given experiment were of the same size. 

The results of this series of experiments are shown in table 2. In 
the transfer occurring m experiment H-l the aphids had previously 
fed on Louisiana Purple plants infected with strain no. 1 of the mosaic 
virus, and in H-5 and H-6 they were from strain no. 2 mosaic infecting 
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C. P. 28/60. Tlie aphids bringing about the remaining: successful 
transmissions of the disease had fed on P. (). J. 234 infected also with 
strain no 2 of the \irus. It may be noted that out of 248 plants 
exposed, a total of 13 transfers of mosaic to originally healthy cane 
plants was secured in the cages in which llysteioneuia setariae was 
used as the vector. Of 60 healthy plants similarly infested with 
Aphis maidis , 14 developed mosaic. No transfers were observed in 
68 check plants or in any plants of similar origin growing in the green¬ 
house in other experiments. 
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3 

9 

t 

1 0 

June 11 

Sept 

11 

j Aphis maidis 
| Check 

2 

2 

(> 

b 

4 

1 1 

0 




77 setarmi 

4 

28 

31 

3 

lulx 10 

Sept 

11 

\ 1 phis viaidis 

1 

7 

8 

0 



(Cheek 

1 

7 

K 

0 




1/7 xitarmi 

5 

35 

38 

0 

lulx 12 

Sept 

H 

< 1 maidis 

1 

7 

8 

0 



(Check 

1 

7 

8 

0 




III setariae 

4 

28 

30 

3 

lulx 22 

Sept 

22 

<A maidi * 

1 

7 

() 

5 




|t heck 

1 

7 

8 

0 




|77 setarmi 

3 

21 

24 

3 

lulx 23 

Sept 

23 

\A maulis 

1 

7 

8 




(Check 

1 

7 

8 

0 




j/7 setanai 

1 maidis 

(Check , 

4 

28 

30 

1 

\ug 7 

Oct 

7 

1 

7 

8 

0 



1 

7 

8 

0 


Period 

since 

first 

exposure 


Day* 


23 


15 , 27 , 39 
16 , 18 

35 

21 , 29 , 30 


10 , 30 , 45 
15 , 15,10 
21,21 

17 , 20 , 37 
2 17 , 3-25 

30 


MISCELLANEOUS TRANSFER EXPERIMENTS 

In August 1935, in an experiment similar to those listed in table 2, 
one of nine healthy C. P. 28/60 sugarcane plants developed mosiac 
following the release of 30 Aphis maidis per plant from mosaic-in¬ 
fected Panicum dichotomiflorum. None of six plants developed 
mosaic when similarly infested by llysteroneura setariae. 

The senior author found the green bug, or spring grain aphid 
(Toxoptera grarninum Rond.), feeding on sugarcane in about equal 
numbers with Aphis maidis in some fields in 1934. In March 1935, 
25 T, grarninum collected from Sorghum halepense were confined in 
glass tubes on the whorls of each of three mosaic-infected Co. 281 
cane plants for 24 hours. The surviving aphids were then transferred 
to whorls of three healthy P. (). J. 234 plants, where they were enclosed 
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in glass tubes for 24 hours and then fumigated. One mosaic transfer 
occurred, but there were no transfers in the four check plants in this 
experiment or in similar check plants in other experiments conducted 
at the same time. 

In June 1935 an experiment similar to those listed in table 2 was 
started in which 30 Toxoptera gramimim per plant were used as 
vectors checked against Aphis maidis . There was 1 mosaic transfer 
in 25 healthy C. P. 28/60 plants where T. gram mum was transferred 
from mosaic (\ P. 28/60, strain no. 2. No mosaic appeared in eight 
healthy plants to which .1. maidis was transferred or in eight check 
plants without aphids. These two transfers suggest that T. gram !- 
num may be a vector of sugarcane mosaic, but additional experiments 
are necessary to prove this. This aphid often feeds in the whorls of 
sugarcane plants in the same manner as does .1. maidis , for which, 
owing to its green color, it has no doubt often been mistaken. 

Negative results have been obtained from transferring the following 
insects from mosaic-diseased sugarcane plants to healthy plants in 
the indicated number of cases: The yellow^ sugarcane aphid (Sipha 
flam Forbes), 8; the sharp-nosed grain leafhopper {Draeculacr phala 
mollipes (Say)), 102; the fulgorid Sogafa jure if era Horv., 5; and 
I la plot h rips gra minis Hood, 17. 

DISCUSSION AND CONCLUSIONS 

Results from the experiments reported here show that Ilgstaonr ura 
seta riot is a vector of sugarcane mosaic. From table 2 it is calculated 
that 5.2 percent of the healthy plants developed mosaic when infested 
with viruliferous II. setariae , and 23.3 percent developed mosaic when 
infested with Aphis maidis. These limited data indicate that -1. 
maidis is several times more efficient than II. setariae as a vector of 
mosaic. 

In all these experiments a higher percentage of transmission might 
have been obtained with more adequate equipment which would 
have promoted faster plant growth and consequent expression of 
symptoms and which would have given more suitable conditions for 
aphid feeding and multiplication. In spite of improved conditions 
for the growth of experimental plants reported on in table 2, the 
incubation periods for both vectors are unusually long. Furthermore, 
the time required for the appearance of symptoms is seen in the table 
to ha\e been somewhat longer in most instances for Ilyste/oneura 
setariae than for Aphis maidis. While the differences may ha\e been 
purely accidental, in view of the small number of direct comparisons, 
nevertheless a longer incubation period for H. setariae might be antic¬ 
ipated since it generally feeds on the collar lobe, which is, of course, 
less directly connected with the growing point than the young leaf 
whorl where *1. maidis feeds. 

Proof of mosaic transfer by the rusty plum aphid further compli¬ 
cates the problem of combating mosaic spread in sugarcane. While 
sugarcane is a natural host for Aphis maidis in Louisiana for only a 
short period in the winter and early in the spring, when other host 
material is unavailable or scarce, it is one of the preferred hosts of 
Ilystermevra setariae throughout the year. Furthermore, as already 
mentioned, several grasses bordering cane fields are also acceptable 
hosts of II. setariae. Its role as a vector probably explains several 
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specific instances of mosaic spread in early summer when frequent 
inspections showed the entire absence of A. maid is , and therefore the 
abundance of new infections could not be ascribed to this well-known 
vector. 

It seems possible that Toxoptera gram in urn may also prove to be 
a vector of mosaic, as indicated by two successful transmissions in 
these experiments. This would be favored by its habit of frequently 
feeding in the central whorl of the cane plant. 

SUMMARY 

Until 1933 the corn leaf aphid (Aphis maidis) had been the only 
proved vector of sugarcane mosaic, but preliminary experiments in 
that year showed that the rusty plum aphid (Ilysteroneura setariae) 
was also capable of transmitting the disease. 

The rusty plum aphid is generally distributed on plums throughout 
most of the United States, with grasses as alternate hosts. On 
sugarcane plants it usually feeds at the collar lobe at the junction of 
the leaf blade and the sheath. 

A series of experiments showed that out of 109 healthy plants 
infested with Ilysteroneura seiariae taken from infected plants, 9 
developed the mosaic disease, while 2 out of 9 plants similarly infested 
with Aphis maidis developed symptoms of the disease. A second 
series of experiments ga\e 2 transmissions out of 02 exposures with 
II. seiariae and 1 out of 3 with A. mdidis. Another series showed 13 
transmissions out of 24S exposures with II. setariae and 14 out of 00 
with .1. maidis. Two transfers of the mosaic were made b\ the 
feeding of the green bug (Toxopt >n g/aminum) after the exposure of 
28 healthy plants. 

Although not so effective as Aphis maidis in transmitting the 
mosaic, Ilysteroneura setariae is present and feeding on the cane 
throughout the year, whereas the former is present only in the 
winter and early in the spring. 




THE COMPOSITION AND DIGESTIBILITY OF MUNG- 
BEAN SILAGE, WITH OBSERVATIONS ON THE SILICA- 
RATIO PROCEDURE FOR STUDYING DIGESTIBILITY 1 

B> Willis D. Callup, assistant chemist , Department of Agricult oral Chemistry 
Research, and A. H. Kuhlman, dairy husbandman , Department of Dairying , 
Oklahoma Agricultural Experiment Station 

INTRODUCTION 

Bergeim (3 ) 1 in 1920 employed a modified procedure for determining 
the apparent digestibility of food. The method consists of the addi¬ 
tion to the food of known amounts of iron oxide or other suitable 
substance which is eliminated with practical completeness in the 
feces. The digestibility of any food substance is determined from 
the ratio of food substance to iron in the food and in the feces. The 
fecal ratio divided by the food ratio multiplied by 100 gives the per¬ 
centage of food substance undigested. In practice it is not necessary 
by this method to measure accurately the total amount of food eaten 
or feces excreted during an experimental period inasmuch as one is 
dealing with a change of ratios and not with absolute amounts. 

During a study of the digestibility of the proteins of cottonseed ( 6 ) 
Bergeim’s method yielded results slightly lower than those obtained 
by the usual method in which the total amounts of protein consumed 
and excreted during an experimental period were determined. The 
lower results were attributed to the incomplete recovery of iron in the 
feces. By substituting silica for iron oxide and determining the 
silica ratios in the food and feces, results were obtained which were in 
close agreement with those obtained by the usual method (7). The 
experiments were conducted with rats on a diet which contained 1 per¬ 
cent of added silica. 

In recent expeiiments w ith cow s on a ration w hich contained approxi¬ 
mately 3 percent of naturally occurring silica and 0.5 percent of added 
iron oxide results were obtained which indicated that the silica 
naturally contained in the feed was superior to iron oxide as a key 
substance in digestion studies (<V). Bergeim (4) reports that Wildt fed 
sheep wheat straw and used the silica naturally contained therein as 
an index substance in absorption studies. 

Recently the authors had occasion to determine the apparent digest¬ 
ibility of mung-bean silage. Since this feed contained approximately 
20 percent of silica (dry-matter basis) or more than six times the 
amount present in rations previously employed (S) it appeared of 
interest to make the digestion studies by both the silica-index pro¬ 
cedure and the usual method. It is the pm pose of the present paper 
to report the results of these studies and to point out likely sources of 
error in the silica-ratio procedure. 

Only one analysis of mung-bean silage is reported by Henry and 
Morrison ( 9 ), and so far as the authors are aware, no determinations 
have been made of its digestibility. 

1 Received for publication Nov. 5,1915, issued Julv 1936. 

2 Reference is made by nutnbar (it din to Literature Cited, p. 894. 
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MATERIAL AND METHODS 

The silage was made from Golden mung beans, a tall variety which 
produces few seed pods. The plants were cut and ensiled before they 
had fully matured, while the bean pods were still green. The silage 
w r hen taken from the silo had a characteristic but not unpleasant odor 
and in this respect differed from silage made of many of the legumes. 
On drying, it developed a pungent odor. 

Weekly samples of silage w ere taken from the silo for several months 
previous to the digestion trial, and these were combined to form three 
composite samples representing material from the upper, middle, and 
low r er parts of the silo. The samples were dried and reserved for 
analysis. 

Nine 1-pound samples were taken from the lower part of the silo 
for silica and proximate analysis at the time the digestion trial was in 
progress. 

The experimental animals were four milk cows, three of wdiicli had 
received muug-boan silage in their ration for several months previous 
to the digestion trial. They w ere stanchioned in the barn during the 
entire trial except for about 30 minutes cacl* day, when they w r ere 
exercised in a dry lot in the presence of a caretaker. The digestiou 
trial was of 17 days’ duration, 10 days’ preliminary and 7 days’ experi¬ 
mental. During the first part of the preliminary period the maximum 
amount of silage which the cows would consume was determined* 
During the 7-day experimental period, the silage was fed four times 
daily in four equal portions. J 11 this way uneaten residues were 
avoided. 

During the experimental 7-day period feces collections were made 
by hand. The total amount of feces voided daily was weighed and 
a one-twentieth aliquot taken for analysis and dry-matter determi¬ 
nations. A tenth of the one-twentieth aliquot w as preserved in acid 
alcohol for nitrogen determinations. To obtain data on the constancy 
of the silica output, a small sample of each defecation from each cow 
was taken during a 24-liour period. All analyses of feed and feces 
were made according to methods adopted by the Association of 
Official Agricultural Chemists ( 1 ). 

RESULTS 

The average composition of mung-bean silage calculated from the 
analysis of three composite samples was found to be as follows: 
Moisture, 67.33 percent; crude protein, 4.81; crude fiber, 7.26; fat, 
1.38; nitrogen-free extract, 13.12; and ash, 6.10 percent. 

The percentage composition of mung-bean silage used in the diges¬ 
tion trial and the percentage composition of the feces voided by cows 
receiving the silage are given in table 1. The figures grven in this 
table were used in calculating the digestibility coefficients presented in 
table 2. 

The composition of mung-bean silage as given in table 1 differs 
appreciably from that reported by Henry and Morrison {9) in the per¬ 
centage of ash and crude fiber, being liigher in ash and lower in crude 
fiber. These authors report the ash and crude-fiber content of silage 
made from “nearly mature” mung beans as 1.2 and 9.8 percent, respec¬ 
tively. This difference between*the two silages may be attributed in 
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part to varietal differences in composition of the plants and possibly 
to the manner in which they were handled before ensiling. Unless 
the plants are cut before the pods begin to turn brown many of the 
leaves and pods shatter when handled. The loss of leaves tends to 
decrease the percentage of ash and increase the percentage of fiber 
in the hay. 

Foreign material may have contributed to the high ash content of 
the silage used in the present study since the plants were grown during 
a dry, dusty season. Approximately 75 percent of the ash in the silage 
was silica. Silica constituted only about 45 percent of the ash in the 
composite samples of silage. Similarly about 50 percent of the ash of 
wheat straw and .‘10 percent of the ash of timothy hay is silica. Analy¬ 
ses of soybean silage compiled by Becker et al. (2) show the ash con¬ 
tent of this material to vary between 8.71 and 19 percent of the dry 
weight. 

Table 1 . -Composition of m ung-ben n silage and of feces voided by rows which received 
the silage during a ?-day digestion trial 


Material analyzed and cow no 


Original mI mre- 
Dry silage 
Cow 1 Dry feces 
Cow 2 Dry feces 
Cow' 3 Dry feces 
Cow 1 Dry feces 


Moisture 

Crude 

protein 

Crude 

fiber 

Ether 

extract 

Nitrogen- 

free 

extract 

Percent 

Pi rci nt 

Percent 

Percent 

Pit cent 

72 67 

3 79 

ft. 21 

1.24 

9 80 

. 

13 88 

19. 07 

4 50 

30.04 

. 

11 98 

17. 77 

2 23 

2ft. 89 


11.29 

17. 70 

2.22 

20. 84 


12 08 

18. 04 

2 20 

28. 47 

- * 

11. 13 

19 02 

2 41 

29. 04 


Ash 


Pern nt 
7.23 
2ft. 45 
42.13 
41.95 
39.15 
37 HO 


Table 2. —Dry matter and nutrients ingested , voided , and digested during a ?-day 
period by cows on m ung-bcan silage 


Cow no and iten 

compared 

Dry 

matter 

Protein 

Ether 

extract 

("rude 

fiber 

Nitrogen- 

free 

extruct 

Ash 

Cow 1: 








Consumed 

..kilogram 

49 8002 

ft 5042 

2.1308 

8 9302 

10 8884 

12.3945 

Voided 

. do . 

2ft 4079 

3 0439 

. .5000 

4. 5150 

ft. 5781 

10. 7043 

Digested 

do 

21.4523 

3 4003 

1. 5702 

4 4212 

10.3103 

1. 0902 

Do. 

percent 

4ft 7 

53. 2 

73.4 

49.4 

01 0 

13 0 

Cow T 2* 







Consumed 

-kilogram 

52 0072 

7 2209 

2.3743 

9 9292 

18. 7050 

13.7717 

Voided 

. do 

27 7243 

3 1301 

. 0155 

4.9072 

7.4415 

11.6303 

Digested 

... do 

24 3429 

4 0908 

1. 7588 

5. 0220 

11.3235 

2.1414 

Do . 

_ . .percent 

40.7 

50.6 

74 0 

50.5 

60.3 

15.5 

Cow 3- 







Consumed 

_kilogram 

31. 2401 

4. 3301 

1. 4245 

5.9575 

11.2589 

8. 2630 

Voided. 

. - - do¬ 

10.4404 

1.9800 

.3710 

2 9058 

4.6800 

0. 4304 

Digested .. 

do - 

14.7997 

2 3501 

1.0529 

2.9917 

ft. 5783 

1.8206 

Do 

. . percent 

47 3 

64 2 - 

73.9 

50 2 

58.4 

22.1 

Cow 4. 








Consumed 

.kilogram 

31. 2401 

4. 3301 

1.4245 

5 9575 

11. 2589 

8. 2030 

Voided 

.do. 

18. 4581 

2.0544 

.4448 

3 5107 

5. 4710 

ft. 9772 

Digested 

. . .do 

12. 7820 

2 2817 

.9797 

2 4408 

5. 7879 

1.2858 

1)0 . . 

.. fiercent 

40.9 

52.0 

68 7 

41 0 

51 4 

15.5 

Average, digested 

- . .do . 

4ft. 2 

54 2 

72.6 

47.8 

57.8 

16.7 


75124—36-6 
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DIGESTIBILITY DETERMINED BY USUAL METHOD 

Table 2 contains data on the dry matter and nutrients eaten, 
voided, and digested by cows receiving mung-bean silage. With but 
few exceptions, the digestibility figures obtained with the individual 
cows are in close agreement. Cow 4 gave the lowest values for all 
constituents except ash. 

A comparison of the digestibility coefficients presented in table 2 
with those reported for many other silages shows that the digesti¬ 
bility of the dry matter in mung-bean silage is low, being 45.2 percent. 
The average digestibility of dry matter m com, cowpea, kafir, soy¬ 
bean, and vetch silage varies from 55 to 09 percent (.9). The digesti¬ 
bility of the fat is relatively high. The digestibility of the protein, 
54 2 percent, is about the same as that of corn and cowpea silages 
but less than that of soybean silage. The digestibility of the crude 
fiber, 47.8 percent, is less than that of corn silage and about the same 
as that reported for cowpea and soybean silages. 

From the results given in table 2, the pounds of digestible nutrients 
in 100 pounds of fresh mung-bean silage containing 72.7 percent of 
moisture have been calculated to be 2 pounds of protein, 8 2 pounds 
of carbohydrates, and 0 9 pounds of fat. ^ 

Data on breed, age, average weight, and feed consumption of the 
cows are given in table 3. 

T \bll 3- Age , bind, waght, and feid consumption of cows used m digestion trial 


Age 


Average 
weight 1 

f resh 
silage 
consumed 
daily 

Total 
digest lble 

^ oars 

M onths 

Breed 

nutrients 
consumed 
d ul\ 




Pounds 

Pounds 

Pounds 

fj 

7 

Ayrshire 

1 l r >7 

Si 

(> (>4 

*» 

4 

Guernsey 

88 *) 

M) 

7 IS 

0 

2 

J< rsev 

717 

to 

4 U 

4 

0 

do 

77 r > 

If) 

4 U 


\venge of 8 weights t iken during the digestion trial 

DIGESTIBILITY DETERMINED BY SILICA-RATIO PROCEDURE 

A uniform distribution of silica in the feed is essential for the de¬ 
termination of the apparent digestibility of a food substance by the 
silica-ratio procedure. It is likewise essential that the silica follow 
the food through the intestinal tract without stratification and that 
it be eliminated in like proportion in all parts of the feces. If this is 
the case, random samples of feces may be taken without making total 
collections. 

Separate samples of the silage taken at the time the digestion trial 
was in progress showed considerable variation in silica content. On 
a dry-matter basis, the minimum silica content of nine 1-pound 
samples was 18.34 percent; the maximum, 22.54 percent; and the 
average, 19.91 percent. The percentage of silica was unrelated to 
the percentage of other constituents except ash, and no regular 
variation was observed in the silica content of samples taken on 
consecutive days. The variations that did occur and that were 
considered significant resulted in all probability from the uneven 
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distribution of silica in the silage. They represent sources of error in 
the procedure in that the food substance to silica ratio of the silage is 
not constant from day to day. This error was not encountered in 
previous experiments in which silica was present in smaller amounts 
and was well distributed in the feed (8). 

The silica content of separate collections of feces from a single 
animal during a 24-hour period showed even wider variations. For 
example, the minimum silica content, the maximum, and the average 
of feces voided by cow no. 1 during the digestion period were 20.36, 
29.61, and 26.20 percent, respectively, on a dry-matter basis. Varia¬ 
tions of the same order were observed in the 24-hour samples of feces 
from the other three cows. Since with the exception of ash, the per¬ 
centage of food constituents in the feces remained fairly constant 
during the 24-hour period, these variations in silica content produced 
variations of equal magnitude in the food substance silica ratios. 
Digestibility coefficients calculated from these ratios therefore showed 
no agreement, and it became evident that under these experimental 
conditions random sampling of feces was not good practice. 

Since composite samples of the total amount of feces voided by each 
cow during the 7-day experimental period were a\ailable, silica deter¬ 
minations were made on these and digestibility coefficients obtained 
which were slightly lower than those obtained by the usual method. 
Thus the digestibility of the protein calculated from the silica ratio 
was 48.06 percent for cow 1; 50.65 percent for cow 2; 45.34 percent 
for cow 7 3; and 45.34 percent for cow 4. In these calculations the 
average silica content of the dry silage, 19.91 percent, was used. 

Consistently low digestibility coefficients calculated by this method 
indicate an incomplete recovery ot silica from the feces and suggest 
an appreciable metabolism and subsequent elimination of silica through 
other channels. Forbes (5) observed a retention of silicon by milking 
cow r s and suggested that storage took place through the growth of 
hair. He also observed an excretion of small amounts of silica in the 
urine but none in the milk. 

In the present experiment over 85 percent of the calculated amount 
of silica ingested was recovered in the feces. This apparent metabo¬ 
lism of natural-occurring silica contributes a serious error to the 
method of study. 

That under the conditions of this experiment the silica-ratio proce¬ 
dure for studying digestibility had no advantage over the older method 
of procedure is obvious. That under more favorable conditions the 
method is capable of yielding accurate results has been demonstrated 
in previous experiments (7, 8). 

* SUMMARY 

The apparent digestibility of mung-bean silage is reported for the 
first time. The digestion experiments were carried out with four milk 
cows receiving a ration composed solely of mung-bean silage. The 
fresh silage contained 3.79 percent of crude protein, 5.21 of crude fiber, 
1.24 of fat, and 9.86 of nitrogen-free extract. The average digesti¬ 
bility coefficients were 45,2 for dry matter, 54.2 for protein, 47.8 for 
crude fiber, 72.6 for fat, and 57.8 for nitrogen-free extract. 
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It was found that the short method for studying digestibility which 
makes use of the change in ratio of food substance to silica in the feed 
as it passes through the intestinal tract was not applicable under the 
conditions of this experiment. The food substance to silica ratio of 
the feed varied from day to day. The same ratio in the feces showed 
wide variations during a 24-hour period, making the random sampling 
of feces impossible. The cause of these irregularities was not deter¬ 
mined but was presumed to be due to (1) an uneven distribution of 
silica in the silage and (2) stratification and loss of silica in its passage 
through the intestinal tract. 
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INHERITANCE OF RESISTANCE TO THE COMMON 
MOSAIC VIRUS IN THE BEAN 1 

Bv M. C. Parker 1 

Formerly agent, Division of Fruit and Vegetable Crops and 
Plant Industry , United States Department of Agr\ 

INTRODUCTION 

The mosaic virus of the common bean (Phaseolus* 
coextensive with bean culture in the United States 
Reports of the disease in other countries appear in the literature, aric 
the work of Rands and Brotherton ( 19Y with varieties of beans from 
all parts of the world suggests that the virus is cosmopolitan in its 
distribution. 

Owing to the fact that disease-free seed is difficult to produce and 
that elimination of the vims from infected seed is not possible, the 
only means of control available at present is the use of resistant or 
immune varieties. Michigan Robust is the only commercial variety 
of field beans that is immune. However, immune selections of the 
Great Northern variety of field bean (17) and the Stringless Green 
Refugee canning bean (IS) are being released by the Idaho Agricul¬ 
tural Experiment Station. Two new mosaic-resistant snap beans of 
the Stringless Refugee type have been released under the designations 
of IT. S. No. 1 and U. A. No. 5 by the United States Department of 
Agriculture since this investigation was started. Corbett Refugee, a 
selection from commercial Stringless Green Refugee, was the only 
immune canning-type bean available for the present investigation. 

Several investigators have classified bean varieties according to their 
degree of resistance. Pierce and Walker, as reported by Hark (3) t 
for example, group the varieties tested ink) three classes Class 1 
includes the varieties (Stringless Green Refugee, Refugee Wax, Red 
Valentine, etc.) that are susceptible to the common or Refugee-type 
virus and develop pronounced symptoms when infected, in class 2 
are placed the tolerant varieties (Improved Kidney Wax, Full Meas¬ 
ure, Giant Stringless, etc.), which are readily infected but which 
ordinarily do notdevelop marked symptoms; and in class 3 are grouped 
the resistant or immune varieties. In this paper are reported the 
results of crossing bean varieties belonging to the extremes (classes 
1 and 3) in the above grouping in order to determine the inheritance 
of resistance to the common bean mosaic virus. In the early stages 
of the breeding work it was observed that resistance did not conform 
to any simple law of inhefitance, and for that reason the program of 
hybridization was limited to a few varieties with a view to studying 
them in considerable detail. 


1 Received for publication Dec 16, 1936, issued July 1936 Contribution from the Division of Fruit 
and Vegetable Crops and Diseases, Bureau of Plant Industry, U S Department of Agriculture, and the 
Department of Genetics, Wisconsin Agricultural Experiment Station (paper no 182) 

3 The writer wishes to express his appreciation for the helpful assistance given during the course of this 
investigation by Dr R A Brink and for the advice given by Dr J C Walker, of the College of Agriculture, 
University of Wisconsin 

3 Reference is made by number (italic) to Literature Cited, p 914 
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REVIEW OF LITERATURE 

Since Iwanowski (7), in 1899, first mentioned the occurrence of a 
virus disease on beans, numerous observations have been published 
dealing largely with symptoms, environmental relations, transmis¬ 
sion, distribution, and economic losses caused by the disease. Only 
one paper deals to any extent with the subject with which we are 
concerned, namely, the inheritance of resistance to bean mosaic. 

McRostie (9), in 1921, reported the results of crossing resistant 
Michigan Robust with Flat Marrow and with a strain designated as 
Selection B. According to his data, McRostie obtained a high degree 
of resistance in the Fi generation in certain cases. If one may 
assume that the first variety he lists in each case is the maternal 
parent, then it would appear that in crosses between resistant and 
susceptible varieties the Fj was more resistant when the resistant 
variety was used as the female parent than as the male parent. The 
following is a summary of table 3 of McRostie’s paper, showing the 
reactions of a series of Fi individuals: 

Robust >< Flat Marrow, h, 6, b, b , b, b. A 

Flat Marrow X Robust, c, d y d y d , b, b 

Robust X Selection B, d y d. ** 

Selection B X Robust, b, d 
Well’s Red Kidney X Robust, b. 

The F, plants from the Robust X Flat Marrow cross, as listed in 
McRostie’s table, were all highly resistant (class h) f while four out of 
six of the plants from the reciprocal cross were more or less severely 
infected. McRostie makes no mention of the apparent difference in 
the reciprocal crosses. However, this difference is not evident in the 
Fi generation of Robust X Selection B and reciprocal. Both plants 
from the cross Robust X Selection B were heavily infected. One 
plant was highly resistant and one very susceptible in the cross 
Selection B V Robust. McRostie indicates that the results show 
susceptibility to be dominant, or partially so, over resistance. In the 
F 2 generation a ratio approximating nine susceptible to seven resistant 
was obtained when all F 2 result* were grouped together without refer¬ 
ence to the varieties used or the direction in which the crosses were 
made. Variations in degree of resistance and susceptibility in the F 2 
from different crosses are suggested in the F 2 table, but McRostie 
attributes these to the small numbers involved. He states (.9, p . 22): 

In vicw r of the ratio reported, we must assume that two factors are concerned 
in producing susceptibility or resistance to this disease. The presence of both of 
these factors in the dominant condition goes to make susceptibility. The pres¬ 
ence, on the other hand, of one or both of their recessive allelomorphs in the homo¬ 
zygous condition tends to produce a plant that is resistant to the disease in 
question. 

McRostie w r as handicapped by the lack of a technique that would 
insure infection of all susceptible plants. In the greenhouse he used 
a rubbing method of inoculation, but in the field natural dissemina¬ 
tion of the virus was relied upon, every third row being planted with 
seed from diseased plants. 

Pierce and Walker ( 18 ), crossing Corbett Refugee and Stringless 
Green Refugee, found the F, hybrids to be resistant to mosaic and 
succeeded in isolating resistant progenies from resistant F 2 plants. 

* The letters a to e indicate varying degrees of infection, a indicating no infection and e severe infection 
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In the two investigations just reviewed two different ideas are 
expressed. McRostie reported resistance to be recessive, while Pierce 
and Walker found resistance to be dominant to susceptibility. 

METHODS AND MATERIALS 

The Stringless Green Refugee variety, a prolific green snap bean of 
high quality, which is extensively grown for canning, was used as the 
susceptible parent throughout the present investigation. It is very 
susceptible to mosaic, anil the disease is an important agent in reducing 
the yields. Michigan Robust (Michigan No. 40520), a white pea 
bean, was used as a resistant parent. This strain is immune to the 
mosaic virus employed in these studies. Corbett Refugee, an immune 
selection from the Stringless Green Refugee variety, was also used as a 
resistant parent. 6 

Hybridizations between disease-free parent plants were made in 
the greenhouse, care being taken to avoid self or otherwise uncontrolled 
pollination. The flowers were emasculated when the edges of the 
standard petal of the corolla were just beginning to separate. Buds 
manipulated earlier were usually shed, and buds almost fully open 
were found to be self-pollinated 

The flowers were pollinated immediately after emasculation, 
tagged, and wrapped m paper or cotton to guard against foreign 

K Uen and to prevent destructive drying of the exposed floral parts. 

e immunity of the resistant parent lines was established by inocu¬ 
lating representative samples with the mosaic virus. A few flowers 
of each plant used as a parent in crosses were self-pollinated and the 
reaction of the offspring to the virus was determined. All descend¬ 
ants from “selfed” resistant paients were immune. Likewise, all 
plants produced from self-pollinated flowers of susceptible parents 
were susceptible. This procedure gives conclusive evidence that 
plants used as resistant parents were immune and upon “selfing” 
transmitted the immunity to all of their offspring. It also proves that 
plants used as susceptible parents were “true” suseeptibles. 

The hybrid offspring and the parent strains were grown in a cheese¬ 
cloth cage out of doors. With this method no difficulty was experi¬ 
enced in keeping the plants healthy. The general procedure in 
handling hybrid plants was as follows: A few Fj individuals were 
inoculated with the virus in order to obtain an index of their reaction 
to the disease. The rest of the Fj plants were kept healthy by growing 
them in the cheesecloth cage mentioned above; F 2 seed harvested 
from these plants, therefore, was disease-free. The F 2 plants were 
first exposed to the virus as seedlings. These inoculated plants were 
selfed and harvested separately. The F s generation, therefore, was 
derived from F 2 individuals whose reaction to the virus had been 
established. There was tested also an F 3 generation from plants that 
had been kept disease-free in the Fj and F 2 . 

A portion of the seed from F 2 plants classified as resistant was 
planted and observed in the greenhouse in order to establish the fact 
that these plants were actually immune and were not carrying the 
virus in a masked condition. No diseased plants occurred among the 
offspring of such tested plants. 

4 Seed of the Corbett Refugee strain and disease-free seed of the Stringless Green Refugee variety were 
obtained from W J 7aumeyer, Division of Fruit and Vegetable Crops and Diseases, bureau of riant 
Industry, U 8 Department of Agriculture. 
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Owing to the “hard-shell” character of the hybrid seed it was found 
necessary to scarify all seeds before planting, in order to obtain uni¬ 
form germination. Newly harvested seed, if scarified, will germinate 
immediately upon being planted. 

A leaf-rubbing method of inoculation was used, which consisted of 
macerating leaves from diseased plants in a mortar and expressing 
the juice through cheesecloth. The fully expanded primary leaves of 
the plants to be inoculated were rubbed on the upper surface along 
the midrib with a small piece of cheesecloth dipped in the infective 
juice. A small quantity of quartz sand was added as an abrasive 
agent. Fajardo (6) reported from 80- to 100-percent infection with 
this method. During the course of the present investigation no 
difficulty was encountered in producing 100-percent infection in plants 
known to be susceptible if a second inoculation, into the first compound 
leaf, was given a few days after the first. Figure 1 is a photograph 



Fn.rni 1 —F 2 bean plants 30 days after inoculation 4, Susceptible plant showing mosaic swnptonis 
U, resistant plant The primary Iea\ts show mot ulation injun 


showing 01) susceptible and (B) resistant plants 30 days after inocu¬ 
lation. Evidence of the inoculation injury may be seen on the primary 
leaves. 

The virus inoculum was obtained from the descendants of a single 
plant of the Stringless Green Refugee variety grown in the United 
States Department of Agriculture bean trials at Greeley, Colo., in 
1931. The plant exhibited mosaic symptoms similar to other'diseased 
plants in the vicinity and was selected as representative of the ordinary 
or common type of bean mosaic. It is the writer’s opinion that this 
virus is identical with bean virus no. 1 as reported by Pierce {16). 
Disease-free Refugee plants were inoculated with virus extract from 
diseased offspring of this plant. The culture has been maintained by 
repeated inoculations of disease-free seedlings. This material has 
been the sole source of infective tissue for testing the reaction of 
parents and hybrid progenies to thfe disease. The plan was adopted 
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to avoid any complication that might result if different strains of the 
bean mosaic virus exist. 

Disease-free seedlings of the Stringless Green Refugee variety were 
used as checks throughout the investigation. The infcctivity of each 
extracted sample of inoculum used was established by observing the 
symptoms produced on plants of this stock. Every fifth row in green¬ 
house plantings was a check. In the field the check rows, containing 
approximately 30 plants each, were located at random. All suscep¬ 
tible check plants became infected following inoculation. This should 
be sufficient check on the technique employed and upon the environ¬ 
mental conditions prevailing to establish with certainty the fact that 
all susceptible plants in the segregating progenies were infected with 
the virus. The checks were included in all plantings, and in each case 
100-percent infection was obtained by means of two inoculations as 
mentioned above. 

Michigan Robust and Corbett Refugee were used as resistant 
checks. In no case did resistant check plants become infected. The 
beans were planted in the genetics plot on the University of Wisconsin 
campus at Madison, Wis., and were more or less isolated from other 
beans each year. 

RESULTS 

BEHAVIOR OF F, GENERATION OF MICHIGAN ROBUST X STRINGLESS GREEN 
REFUGEE AND RECIPROCAL 

In the F i generation of the Michigan Robust X Stringless Green 
Refugee combinations the reciprocal crosses were markedly unlike. 
The results of inoculating F, individuals of the cross susceptible $ X 
resistant <? h are presented in table 1. 

Tahle 1 Reaction of b\ generation of susceptibli (Stringless Green Refugee) 

V * rtdistant (Michigan Robust) cf and reciprocal to common bean mosaic 

STRING LESS GREEN REFUGEE X MICHIGAN ROBUST 




MICHIGAN ROBUST X STRINGLESS GREEN REFUGEE 


MIX1-K 44 5 1 1 0 3-21X3 4 . 107 .1 10 

1-10X1-2 4.5 2,3 2 1 1 3-22X3-1 108 2 1 1 

1-20X1-99 40-5 1 1 0 3-24X3 3 109 2 2 0 

1-23X1-96 47-4 1 1 0 3-27 X3 2 110 1 1 0 

1 17X1-2 49-1,2 2 1 1 -— --- — 

1-20X1-88 50-1,2 2 2 0 Total 17 14 3 

1 22X1-2 . 51-1,2 2 2 0 


0 To avoid confusion in presenting and discussing these results, the maternal parent has been listed 
ur&t in each case 
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Twenty-one plants were tested, all of which proved to be suscep¬ 
tible. The results of inoculating Fi individuals from the reciprocal 
cross are given in table 1. Only 3 out of 17 plants tested were sus¬ 
ceptible to mosaic. These results might suggest that the F, plants 
were not hybrids but accidental seifs, since their reactions to the 
mosaic virus are similar to the reactions of the respective female 
parents. The Michigan Robust variety has white seeds, white 
flowers, and an indeterminate type of growth, whereas Stringless 
Green Refugee has purple-mottled seeds, pink blossoms, and a deter¬ 
minate type of growth. It was possible, therefore, to establish defi¬ 
nitely the hybridity of the F, plants by the characters shown in this 
generation and by segregation in the F 2 generation. 

The different behavior of reciprocal hybrids in relation to the 
mosaic virus must be explained in some other manner The F, 
plants tend strongly to resemble the maternal parent with respect to 
susceptibility. If the female parent is susceptible to mosaic the off¬ 
spring are susceptible, and if a resistant individual is used as a mother 
plant most of the offspring are resistant. These results are contrary 
to the Mendelian type of inheritance, where except in eases of sex 
linkage both parents contribute equally to the offspring. 

In considering the additional data given below, a brief account of 
the writer's (15) results on the inheritance of a variegated leaf char¬ 
acter in the bean will be helpful. Hybrids were made between 
plants with variegated leaves and normal green plants. All Fi 
plants from the variegated 9 X green cross were variegated 

Seven out of eight F { plants from the reciprocal cross (normal 
green 9 X variegated c?) were normal green ; one plant had a slight 
variegation on one leaf This difference in reciprocals was again 
evident in the F 2 generation In the second generation of varie¬ 
gated 9 X green cf, 84 percent variegated and 10 percent green plants 
were obtained. In the reciprocal cross (green 9 X variegated c?) 93 per¬ 
cent green and 7 percent variegated plants were found. These results 
suggest that the character of the F, and F 2 offspring is largely governed 
by the maternal parent and that the variegated condition is governed 
by the cytoplasm. The occurrence of some variegated offspring when 
the variegated plants are used as paternal parents suggests that the 
causal agency is introduced, to some extent, with the pollen tube at 
the time of fertilization 

Further discussion and explanation of the variegated character and 
its relation to mosaic resistance will be found in the section entitled 
“Discussion ” 

BEHAVIOR OF F. GENERATION OF MICHIGAN ROBUST X STRINGLESS GREEN 
REFUGEE AND RECIPROCAL 

The F 2 individuals were obtained from plants that were not inocu¬ 
lated in the Fj generation. Recent workers have reported the 
transmission of mosaic by the pollen from diseased plants. Reddick 
(20) first reported this for beans in 1931. Nelson and Down (10) 
concluded that one-fourth of the ovules and approximately one- 
fourth of the pollen grains of diseased plants are infected and are 
instrumental m transmitting the disease to the next generation. 
Since it was desirable to avoid any complications that might arise 
from infection of some of the youpg embryos borne on susceptible 
mother plants or from infection of ovules of resistant mother plants 
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by diseased pollen from susceptible individuals, the plants that gave 
rise to the F 2 progenies were grown in a cheesecloth cage to keep 
them disease-free. 

The striking difference in behavior of the reciprocal crosses shown 
in the is again apparent in the F 2 generation. The F 2 results of 
the susceptible X resistant cross are shown in table 2. Out of a 
total of 4,728 plants inoculated with the mosaic virus, only 00 plants, 
or 1.27 percent, remained healthy. On the other hand, 4,008 plants, 
or 98.73 percent, became infected. 

Table 2 Reaction of F 2 generation of s usee fit? bit (Stringless Green Rtfugee) 
V v lesistant (Michigan Robust) and reciprocal to common bean mosaic 

STRING LESS GREEN REFUGEE X MICHIGAN ROBUST 
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The F 2 results from the reciprocal cross (resistant X susceptible) are 
presented in table 2. Of the 1,900 plants tested, 845 became dis¬ 
eased, and 1,061 remained healthy. This is a ratio of 55.07 percent 
resistant to 44.33 percent susceptible. 

The results obtained in the second generation, though not so strik¬ 
ing as the Fi results, still show a preponderating influence of the 
grandmaternal parent. In the cross susceptible X resistant more than 
90 percent of the plants were susceptible m every case. Likewise, in 
the cross resistant X susceptible more than 50 percent of the plants 
were resistant in every case. The result of 55.67 percent resistant 
and 44.33 percent susceptible when the cross is made this way 
(resistant X susceptible) becomes more significant if it is realized 
that in no family was there more than 48.77 percent susceptibility 
or less than 51.23 percent resistance. It should be noted that certain 
Fi plants and F 2 progenies are identical reciprocals, i. e., from crosses 
between the same parent plants. For example, the F, plant 34-3 
(table 1) is from a cross between parent 1-2 (Stringless Green Refugee) 
as female and parent 1-16 (Michigan Robust) as male. The F, indi¬ 
viduals 45-2 and 45-3 (table 1) are from the reciprocal cross, parent 
1-16 (Michigan Robust) X parent 1-2 (Stringless Green Refugee). 
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BEHAVIOR OF Fj GENERATION OF MICHIGAN ROBUST X STRINGLESS GREEN 
REFUGEE AND RECIPROCAL 

The F 3 plants tested were descendants of self-pollinated F 2 individ¬ 
uals whose reaction to the virus had been determined in the second 
generation. The results of inoculating F 3 progenies have been 
grouped in tables .‘3 to f>, according to the original cross and the 
reaction of the F 2 parent. 

Table 3. —Reaction to common bean mosaic of ft generation of susceptible (Stringless 
Green Refugee) V X lesistant (Michigan Robust) and reciprocal , derived from 

plants resistant in ft 

STRINGLESS GREEN REFUGEE X MICHIGAN ROBUST 
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Table 3 shows the results of inoculating F 3 progenies derived from 
resistant F 2 plants from the cross susceptible (Stringlese Green Ref¬ 
ugee) X resistant (Michigan Robust). The following distribution of 
50 F 3 progenies was obtained: In G (12 percent) of the progenies, all 
plants were resistant; in 13 (26 percent), 95 to 99 percent of the plants 
were resistant; in 20 (40 percent), 75 to 94 percent were resistant; 
in 7 (14 percent), 50 to 74 percent were resistant; and in 4 (8 percent), 
less than 50 percent were resistant. In this case 38 percent (19 out of 
50) of the progenies contained more than 95 percent resistant plants, 
and 40 percent (20 out of 50) contained from 75 to 94 percent resistant 
plants. 

There were 65 F 3 progenies from resistant F 2 plants of the reciprocal 
cross (Michigan Robust X Stringless Green Refugee) a\ailable for 
testing. The results of inoculating these progenies with the mosaic 
virus are presented in table 3. The distribution in this case is mark¬ 
edly different from the distribution in the material described above. 
Thirteen (20 percent) of the progenies were 100 percent resistant, 1 
(1.54 percent) was 95 to 99 percent resistant, 19 (29 percent) were 75 
to 94 percent resistant, 25 (38 percent) were 50 to 74 percent resistant, 
and 7 (11 percent) contained less than 50 percent resistant plants. 

Of the 4,235 plants tested (F* susceptible X resistant from plants 
resistant in F 2 ) 3,616 were healthy and 619 were diseased, a ratio of 
85.38 percent resistant to 14.62 percent susceptible. Of the 1,488 
plants tested of the reciprocal cross (F 3 resistant X susceptible from 
plants resistant in F 2 ) 1,159 were healthy and 329 diseased, a ratio of 
77.89 percent resistant to 22.11 percent susceptible. 

Table 4 (a summary of (able 3) gives the percentages of F 3 pro¬ 
genies, obtained from resistant b 2 plants, which fall into the various 
divisions arbitrarily based upon the percentage of resistant plants in 
a progeny. 

Taklk 4 Stan to an/ of labh $ 



Fi progenies resist ml (fjom h 


resistant plmts of unlit it eel 

i plants resistant 

cross) 


(percent) 

Susceptible X 

IUdistant X 


resistant 

mw eptible 


Pemnt 

JUuntt 

‘15 to 100 

\H 

12 

75 to 100 

7S 

51 

50 to 100 

02 

i SO 

0 to 50 

S 



From the results obtained in the F, and F 2 generations of crosses 
between Michigan Robust and Stringless Green Refugee varieties it 
might be expected that the resistant plants from the Michigan Robust 
X Stringless Green Refugee cross would produce and maintain a high 
degree of resistance, but this is apparently not the case. The progeny 
test indicates that the F 2 plants of the cross Stringless Green Ref- 
ugee X Michigan Robust that were designated as resistant differed in 
composition from at least some of the resistant plants from the recip¬ 
rocal cross. 
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In table f» are presented the results of inoculating F 3 progenies of 
plants of the Stringless Green Refugee X Michigan Robust cross that 
were susceptible in the Fj generation. 


Table 5. —Reaction to common bean mosaic of F\ generation of susceptible ( String¬ 
less Green Refugee) V X resistant {Michigan Robust) d”, derived from plants 
susceptible in F 2 

STR1NGLESS GREEN REFUGEE X MICH1G \N ROBUST 
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451 
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Of the 19 progenies tested, 2 (10 percent) were 100 percent sus¬ 
ceptible, 8 (42 percent) were 95 to 99 percent susceptible, and 9 (47 
percent) contained 90 to 94 percent of susceptible plants. These 
results are in close agreement with what would be expected from sus¬ 
ceptible F 2 plants. Out of 1,027 plants tested, 79 were healthy and 
1,548 were diseased, i. e., 4.80 percent were resistant and 95.14 per¬ 
cent were susceptible. 

Ten progenies derived from F 2 susceptible plants of the cross Mich¬ 
igan Robust X Stringless Green Refugee (table 5) gave the following 
distribution: 1 progeny contained 97 percent of susceptible plants, 
1 contained 91 percent, 3 contained 80 to 90 percent, and 5 contained 
43 to 67 percent of susceptible plants. Out of 451 plants tested 127 
were healthy and 324 were diseased, i. e., 28.10 percent were resistant 
and 71.84 percent were susceptible. 

It is evident from these results that F 3 progenies derived from sus¬ 
ceptible F 2 individuals of the cross resistant X susceptible contained 
more resistant plants than F 3 progenies derived from susceptible F 2 
plants of the reciprocal cross. 

In table 6 are presented the results obtained when progenies were 
kept disease-free in the Fi and F 2 generations and inoculated with the 
common bean mosaic virus in the F 3 generation. 
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Table 6.— Reaction to common bean mosaic of generation of susceptible ( String¬ 
less Green Refugee) 9 X resistant (Michigan Robust) cf and reciprocal, derived 
from plants uninoculated in F x and F 2 

STRING LESS GREEN REFUGEE X MICHIGAN ROBUST 
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Table 6 gives the data obtained from 30 tested F :i progenies of 
susceptible X resistant crosses. Eighteen (50 percent) of the prog¬ 
enies were 100 percent susceptible, 5 (14 percent) were 91 to 99 
percent susceptible, 7 (19 percent) were 81 to 90 percent susceptible, 
4 (11 percent) were 71 to 80 percent susceptible, and 2 (6 percent) were 
20 percent susceptible. The last two progenies mentioned were the 
only ones that gave ariy considerable number of resistant plants. 
Of 492 plants tested, 440 (91 percent) were susceptible and 40 (9 
percent) were resistant. 

Twenty-three F 3 progenies of the reciprocal cross (table 6) gave the 
following distribution: Two (9 percent) of the progenies were 100 
percent susceptible, 1 (4 percent) was 91 percent, 3 (13 percent) were 
from 80 to 89 percent, 4 (17 percent) were from 70 to 79 percent, 3 
were from 60 to 69 percent, 4 were from 50 to 59 percent, 4 were from 
40 to 49 percent, and 2 were from 30 to 39 percent susceptible. Of 
the 213 plants tested, 74 (35. percent) were resistant and 139 (65 
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percent) were susceptible. These results tend to verify the and 
F 2 results indicating that the crosses involving susceptible maternal 
parents produce a preponderance of susceptible offspring, and vice 
versa. When no inoculations were made until the F 3 generation 
the effect of the great-grandmaternal parent was still very evident 
though not so pronounced as in the Fj and F 2 generations. It is of 
interest to note how the effect of the original maternal parent dimin¬ 
ishes in each succeeding generation when the progenies are kept 
disease-free until they reach the generation which is to be studied 
This is clearly shown in the results given in table 7. 

Table 7 — Summary of tablm 1 , 2, and 6 



Susceptible X resistant 

Resistant X susceptible 

General ion 

Resistant 

Susceptible 

Resistant 

susceptible 
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It 

Ptrtint 
(1 00 

1 21 

9 15 
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100 00 
9K 71 

Tft 65 

Pt n ent 

H2 35 
55 67 
34 74 

Pnct lit 

17 <l r 
44 U 
65 26 


It is readily apparent, from the results shown in table 7, that the 
reciprocal crosses behave very differently. When the susceptible 
variety was used as the female parent the progenies remained o\ei 
90 percent susceptible even in the F 3 generation; however, the recip¬ 
rocal cross was not nearly so stable in regard to mosaic resistance 
The progenies changed from 82 percent of resistant plants in the Fj 
generation to 35 percent of resistant plants in the F 3 generation. As 
may be seen from these results, there is a convergence of the reactions 
from generation to generation. The cross susceptible X resistant 
converges slowly, whereas the reciprocal (resistant X susceptible) 
converges more rapidly. It might be possible that the reciprocal 
crosses would reach the same equilibrium at some point in succeeding 
generations. 

BEHA\ 10H OF C ORBETT REFUGEE X STRINGLESS GREEN REFUGEE ANT) 

RECIPROCAL 

Corbett Refugee X Stringless Green Refugee gave all resistant F, 
plants, five individuals being tested. When the susceptible variety 
(Stringless Green Refugee) was used as the female parent the l\ 
plants were again resistant. Extracts of the 10 plants tested, in¬ 
oculated to disease-free susceptible plants, gave negative results, 
indicating that these plants were probablj not carrying the virus 
in a masked condition. 

The results obtained in the F 2 generation of Corbett Regufee > 
Stringless Green Refugee show that of the 124 plants tested 113 
w r ere healthy and 11 w r ere diseased, a ratio of 91.13 percent resistant 
to 8.87 percent susceptible. In the reciprocal cross (Stringless Green 
Refugee X Corbett Refugee) (table 8) there were 269 healthy and 73 
diseased in the 342 plants tested, or 78.65 percent resistant to 21.34 
percent susceptible. 
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Table 8 .— Reaction to the common bean mosaic of F 2 generation of resistam (Coibett 
Refugee) ? X susceptible (Stringless Green Refugee) d* and reciprocal 

CORBETT REFUGEE X STRINGLESS GREEN REFUGEE 
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STRINGLESS GREEN REFUGEE X CORBETT REFUGEE 
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Tlit* reciprocals in this cross arp unlike, hut the dissimilarity is not 
us great as it is when Michigan Robust is used as the resistunt parent. 
The results are still apparently non-Mendelian. They do not conform 
to any Mendelian ratio, although the results obtained when Stringless 
Green Refugee is used as the female parent do approach a 3 : 1 ratio 
(observed, 79 : 21 percent; calculated, 75 : 25 percent). 

BEHAVIOR OF CORBETT REFUGEE X MICHIGAN ROBUST AND RECIPROCAL 

Crosses between the two resistant varieties have yielded all resistant 
Fi plants. Eleven plants from the cross Michigan Robust X Corbett 
Refugee and five plants from the cross Corbett Refugee X Michigan 
Robust have been tested. The Fi plants were self-pollinated to 
obtain material for an F 2 generation. 

Table 9 shows the results obtained in the F 2 generation of Michigan 
Robust X Corbett Refugee. There were 729 plants tested, 663 being 
healthy and 66 becoming diseased (91 and 9 percent, respectively). 
In the reciprocal cross (table 9) 374 plants were tested, 349 being 
resistant and 25 being susceptible (93 and 7 percent, respectively). 

The reciprocal crosses in this case reacted similarly to inoculations 
with the virus. However, the occurrence of susceptible plants in these 
crosses is unexpected, and if an explanation is possible for such facts 
it should help to make tlie findings reported in this paper more under¬ 
standable. 
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Table 0. —Reaction to common bean mosaic of F 2 generation of resistant {Michigan 
Robust) 9 y resistant {Corbett Refugee) c? and reciprocal 

MICHIGAN ROBUST X CORBETT REFUGEE 
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CORBETT REFUGEE X MICHIGAN ROBUST 
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NATURE OF THE RESISTANCE 

With the object of studying the nature of immunity in the resistant 
varieties, two plants of the wStringless Green Refugee variety just 
coming into blossom in the greenhouse were inoculated with juice ex¬ 
tracted from Michigan Robust plan ts and two individuals were treated 
with juice extracted from Corbett Refugee plants. The seed of these 
plants was harvested and planted in the greenhouse bench. The 
seedlings were treated at 10-day intervals. Plants 1 to 8 were inocu¬ 
lated in the two-leaf stage with juice extracted from Michigan Robust 
plants, and plants 9 to 12 were inoculated with juice extracted from 
Corbett Refugee. After 10 days the second treatment was given 
Plants 1 to 4 were then inoculated with the mosaic virus, and plants 
f> to 8 were reinoculated with juice from the resistant Michigan 
Robust. Likewise, plants 9 and 10 were inoculated with virus and 
plants 11 and 12 were reinoculated with Corbett Refugee juice. In 
the third treatment, plants 5 and 6 were given the virus and plants 
7 and 8 were given additional Michigan Robust juice; plant 11 was 
inoculated with the virus extract and plant 12 was reinoculated with 
juice from Corbett Refugee. The fourth treatment, given 30 days 
after the first, consisted of inoculating plants 7, 8, and 12 with extract 
from mosaic-diseased plants. All the plants developed mosaic symp¬ 
toms within a short period following inoculation with the virus. 
These results suggest that the immunity of the Michigan Robust and 
Corbett Refugee varieties is not transferred to susceptible varieties by 
this treatment. 

The effect of grafting was also studied. Reciprocal grafts were made 
between Michigan Robust and Stringless Green Refugee, and between 
Corbett Refugee and Stringless Green Refugee, whip grafts, cleft 
grafts, and inarching being employed. The results of this experiment 
are shown in table 10. In no case was the reaction of the scion altered 
by contact with the stock. Likewise, foliage produced on the stock 
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was not changed by the presence of a scion from a different variety. 
Both symbionts reacted to the virus as if they were growing as separate 
plants. 

* 'T' _ 1 /» JJ _ P _Ai_ 


Table 10 .- Results of grafting 

St oek 

Scion 

Type of graft 

Reaction of scion 
to virus 

Michigan Robust 

Stringier Oreen Refugee 

Inarch 

Suscept ible 

1)0 

do 

Whip 

Do 

Do 

do 

do 

Do 

Do 

do 

Cleft 

Do 

Stringiest Oreen Refugee 

Michigan Robust 

W hip 

Resistant 

Do 

do 

Cleft 

Do 

Corliett Refugee 

St napless Oreen Refugee 

Inarch 

Susceptible 

Do 

do 

(’left 

Do 

Do 

do 

do 

Do 

Do 

do 

do 

Do 

Stnneless Oreen Refugee 

Oorbett Refugee 

do 

Resistant 

Do 

do 

do 

Do 

Do 

do 

>\ hip 

Do 


DISCUSSION 




It is evident that the results reported here cannot be accounted 
for by a simple Mendelian explanation. In Mendelian types of 
inheritance reciprocal crosses usually react alike. The exceptions 
are cases of sex linkage, etc., which have no bearing on the present 
problem. In examining the results obtained upon inoculating prog¬ 
enies from Stringless Green Refugee X Michigan Robust crosses and 
reciprocals, it is found that the maternal parent determines to a 
large extent the reaction of the hybrid individuals. In the F! gen¬ 
eration this influence is very marked; in the F 2 generation the effect 
is still very noticeable; in the F 3 generation the effect is not as marked 
as in the preceding generations but is still conspicuous. However, 
the effect of the pollen parent must not be overlooked. The influence 
of the paternal parent was evident in 3 out of 17 plants tested in the 
Fi generation of Michigan Robust X Stringless Green Refugee; it 
was not shown in the reciprocal cross in Fi. The effect of the pollen 
parent was more evident in all cases in the F 2 and F 3 generations. 

Fj plants from the cross Stringless Green Refugee X Corbett 
Refugee manifest the influence of the pollen parent in a significant 
way. F 2 individuals from reciprocal crosses between Stringless 
Green Refugee and Michigan Robust show a preponderant influence 
of the granomaternal parent. Likewise, when Corbett Refugee was 
used as the resistant parent more resistant F 2 individuals were ob¬ 
tained if the Corbett Refugee plants had been used as grandmaternal 
parents. 

To explain the results obtained in reciprocal crosses between Michi¬ 
gan Robust and Stringless Green Refugee it is necessary to assume 
a cytoplasmic or cxtranuclear influence. It is also necessary to 
assume that a portion of the cytoplasm or particular inclusions 
accompanies the male gametes at the time of fertilization. The 
suggestion that biparental cytoplasmic inheritance occurs in the 
bean is substantiated by the results obtained in the writer’s studies 
on a variegated leaf character {15). 

In order to obtain independent evidence of the role played by the 
cytoplasm in heredity in beans, two distinct chlorophyll-deficient types 
were investigated. One of these, termed “yellow spot”, was found 
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to behave in a simple Mendelian manner (14 ); the other, called “varie¬ 
gated”, provided direct evidence of inheritance through the cyto¬ 
plasm (15). Below is a brief summary and discussion of the results 
with the variegated character. 

All F] plants from the variegated X normal green cross were varie¬ 
gated. One out of eight plants from the reciprocal cross (normal 
green X variegated) showed one small variegated area; the remaining 
seven plants were green. 

In the second generation of the variegated X normal green eross, 
84 percent variegated and 1(5 percent normal green plants were 
obtained. In the reciprocal (normal green X variegated) 98 percent 
of normal green and 7 percent of variegated plants were found. 
These results suggest that the variegated condition is governed by the 
character of the cytoplasm and that the causal agency is introduced 
with the pollen tube at the time of fertilization. The production of 
variegated offspring by plants normal green in Fi can be explained 
by assuming a segregation or sorting out of the material which 
causes the condition during growth and cell division in the plants 
and its inclusion in such proportions in some of the F 2 ovules that it 
comes to expression in the developing individual. The occurrence 
of a slight variegation in a leaf of one plant in the Fj generation of 
normal green X variegated might be explained by assuming that 
a sufficient amount of the cytoplasm (or its inclusions) was introduced 
into the egg from the pollen parent to eventually influence a small 
area of the individual. 

The explanation, as outlined above, is similar to that reported by 
Baur (/, 2) and later by Noaek (11, 12, US), for the Albomarginata 
variety of Pelargonium zonale Willd. This form, characterized by 
leaves with white margins, produces sometimes pure-white and 
sometimes pure-green branches. Reciprocal crosses between flowers 
on these two kinds of branches may result in variegated offspring. 
Baur explains the appearance of green and white tissue by assuming 
the presence of two kinds of plastids or plastid primordia, which are 
sorted out during cell division, one type of primordium giving rise 
to green plastids, the other to white or colorless plastids. Baur 
states that these plastid primordia are contributed by both parents. 

Winge (21) suggests that in those cases where variegated plants 
occur the cytoplasm in which the plastids lie is responsible for the 
defect. According to Winge the two classes of non-Mendelian 
inheritance, maternal and biparental, are due to the fact that in 
some instances paternal cytoplasm is introduced into the egg with 
the male gametes whereas in others it is not. 

Noack (10, 11, 12) also studied Pelargonium zonale. He ob¬ 
tained essentially the same results as did Baur, except in crosses 
with green plants. Baur reported similar results in reciprocal crosses 
with pure-green plants, but in the case of the material used by Noack 
a larger proportion of variegated plants was obtained when zonale 
plants were used as female parents. In crosses vrith green, different 
zonale plants gave rise to different proportions of variegated plants 
and also different intensities of variegation. 

According to Demerec (4) neither Baur’s nor Noack’s conclusions 
have sufficient support. He states (4, j). 151): 

Results identical with those obtained in the experiments would be expected 
if it is assumed that the zonale character is determined by a dominant gene which 
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becomes mutable (mutating to the gene for green) in crosses with green, or when 
the plant is heterozygous for green. Such an assumption would be supported by 
similar behavior observed in several other cases. 

He then discusses the work of Emerson (5) on variegated pericarp 
in maize in which Emerson states that the mutability of the gene for 
variegated pericarp is increased when the gene is in a heterozygous 
condition. 

Demerec further states (4, p . 152): 

The fact, observed by Noack, that reciprocal crosses between ton ale and green 
gave different results, could be explained by the assumption that the mutability 
of the gene for white is increased when brought by the pollen nucleus into other 
than maternal cytoplasm. 

Essentially, Demerec's hypothesis involves the assumption that 
the cytoplasm exerts an indirect effect by first influencing the gene, 
while the earlier explanations (/, 2, 21) assume a direct influence of 
the cytoplasm. Demerec grants the non-Mendelian inheritance of a 
chlorophyll character in maize which is only transmitted through 
the maternal parent. It is possible that in certain forms the cyto¬ 
plasm or other extranuelear material accompanies the male gamete 
into the egg and in such cases biparental non-Mendelian inheritance 
could be explained without the necessity of assuming a high mutability 
of the gene when in foreign cytoplasm. 

The behavior of the variegated character can be explained entirely 
on a non-Mendelian or cytoplasmic basis, but the cytoplasmic explana¬ 
tion does not cover all the facts obtained in the studies on the inheri¬ 
tance of resistance to the mosaic virus. Apparently the immediate 
reaction of the plant is determined by the character of the cytoplasm, 
but the nature of the cytoplasm ultimately depends upon nuclear 
factors. Therefore, the phenomenon may be primarily nuclear 
though overshadowed by the effect of the cytoplasm. We must 
assume that certain genotypes change the reaction of the cytoplasm 
more rapidly than others. Such an explanation will account for the 
difference in reciprocals and for the convergence which occurs in the 
F 2 and F s generations. 

Considerable irregularity occurs in all generations of the cross 
Stringless Green Refugee X Michigan Robust and reciprocal. The 
fact that the reciprocal crosses react differently in each generation 
suggests a strong cytoplasmic influence on the inheritance of resist¬ 
ance. For example, the F 3 generation of Michigan Robust X String- 
less Green Refugee showed more susceptible plants than resist¬ 
ant ones in the material which had been kept disease-free until 
that time, and, in comparison with the reciprocal cross, a higher 
percentage of resistant plants from plants susceptible in F 2 and a 
higher percentage of susceptible plants -from plants resistant in F 2 . 
Throughout the studies t)f this cross (Michigan Robust X Stringless 
Green Refugee) neither resistant nor susceptible plants have remained 
stable. Some resistant and some susceptible plants have been iso¬ 
lated which produce only resistant and susceptible plants, respectively, 
but the majority of the plants, as may be seen from the F 3 tables, 
produce some plants of the opposite reaction in the following genera¬ 
tion. This inconsistency can also be explained by assuming that the 
distribution or behavior of the cytoplasmic units responsible for the 
resistance, or governing the action of genes for resistance, is not as 
regular or as systematic in cell division as is the distribution of nuclear 
factors. 

76964—36-2 
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It is apparent that the two resistant varieties used in this investi¬ 
gation dmerin the type of resistance carried or that the resistance is 
governed by different heritable entities in the two. At least they 
differ in ability to transmit this immunity in crosses with susceptible 
plants. 

When Michigan Robust was used as the male parent and Stringless 
Green Refugee as the female parent all the F] plants were susceptible 
and in the F 3 generation 90 percent of the plants were still susceptible 
However, plants that were resistant in the F 2 generation maintained 
a high degree of resistance in the F 3 generation. When Corbett 
Refugee was used as the male parent in crosses with Stringless Green 
Refugee all theFi plants were resistant and 79 percent were resistant 
in the F 2 generation. 

The appearance of susceptible plants in the F 2 generation of crosses 
between the two resistant varieties is further proof that these two 
varieties differ in their heritable bases for resistance. Corbett Refugee 
was developed from a single resistant plant in a field of severely 
infected Stringless Green Refugee beans. If it is assumed that a 
dominant gene mutation occurred in this case, the following explana¬ 
tion is possible. Let R represent the genetic ffUrtor for resistance and 
r the genetic factor for susceptibility. The cytoplasm of Corbett 
Refugee in the absence of the genes for resistance is susceptible (?) 
to the virus, and the cytoplasm of Michigan Robust is immune (!) 
to the virus. The assumed genetic and cytoplasmic constitution of 
Corbett Refugee is RR(i), and of Michigan Robust, rr(I). When 
these two varieties are crossed the Fj is resistant, owing almost if 
not entirely to the genetic factor R when Corbett Refugee is used 
as the female parent, and to the presence of the resistant factor and 
also resistant cytoplasm (/) when Michigan Robust is used as the 
female parent. In the F 2 generation, with a monohybrid segregation, 
we obtain 1 RR 2 Rr : 1 rr. However, contrary to expectation, the 
homozygous recessive individuals are not all susceptible, because 
some of these individuals have received resistant cytoplasmic factors 
from the Michigan Robust parent. Therefore we have a deficiency 
in the homozygous recessive class no matter which way the cross is 
made. 

The above assumption that Corbett Refugee carries genetic factors 
for resistance does not completely explain the results obtained in the 
reciprocal crosses between Corbett Refugee and Stringless Green 
Refugee If the genetic constitution of Corbett Refugee is RR and 
that of Stringless Green Refugee is rr, then the Fj should be resistant 
and a ratio of 3 resistant to 1 susceptible should be obtained in F 2 
The F] results obtained are as expected In the F 2 the results 
obtained are not in agreement with the expected results, Corbett 
Refugee X Stringless Green Refugee (observed, 113 : 11; calculated 
on 3 : 1 basis, 93 : 31), deviating by 20 from the expected, and 
Stringless Green Refugee X Corbett Refugee (observed, 269 : 73, 
calculated on 3 : 1 basis, 256.5 : 85.5), deviating by 12.5 from the 
expected, in favor of the resistant class. The numbers involved in 
this cross are small, and it is possible that if larger numbers were 
available the results would more closely approximate a 3 : 1 ratio. 
It is not improbable, however, that there is some other underlying 
reason for the occurrence of a larger number of resistant plants than 
was to be expected under the explanation just given. 
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The complete explanation and understanding of the foregoing 
results may be linked with an explanation and understanding of the 
existence of so-called “tolerant'' bean varieties, or varieties which are 
fairly easily infected with the virus but which do not ordinarily de¬ 
velop symptoms that can be readily identified. It is difficult to study 
progenies from crosses between tolerant varieties and either suscep¬ 
tible or resistant varieties, because of the difficulty in distinguishing 
the tolerant plants in a hybrid population. 

As the complex plant viroses become better understood a technique 
may be developed whereby crosses between tolerant and resistant 
(or susceptible) varieties can be studied. Such crosses should give 
further evidence on the method of inheritance of resistance to the 
common mosaic virus in the bean. 7 

SUMMARY 

Reciprocal crosses between the mosaic-resistant Michigan Robust 
and susceptible Stringless Green Rufugee varieties of beans reacted 
quite differently to the mosaic virus employed in these studies. It 
was found that the maternal parent governs to a large extent the re¬ 
action of the hybrid offspring. 

In the Fj generation, all plants were susceptible from the cross 
Stringless Green Rufugee 9 X Michigan Robust and 82 percent 
were resistant from the cross Michigan Robust X Stringless Green 
Refugee. 

The influence of the grand maternal parent was still very evident 
in the F 2 generation. From the cross Stringless Green Refugee X 
Michigan Robust, 99 percent of the F 2 individuals were susceptible 
to mosaic, whereas 5fi percent of the individuals from the reciprocal 
cross were resistant. 

In the F 3 generation the reciprocal crosses were still very different. 
From the cross susceptible X resistant, 91 percent of the individuals 
were susceptible and 9 percent were resistant. In the reciprocal 
cross (resistant X susceptible), 35 percent of the F 3 offspring were 
resistant and 05 percent were susceptible. Throughout the three 
generations studied there is evidenced a very marked convergence of 
results. 

By studying F 3 individuals derived from plants of known reaction 
in F 2 , it was found that some plants classified as resistant in F 2 gave 
rise to both susceptible and resistant plants in F 3 and also that plants 
susceptible in F 2 gave rise to some resistant plants in F 3 . 

These results cannot be explained on a simple Mendelian basis, be¬ 
cause the reciprocal hybrids react differently. To explain the fact 
that the maternal parent determines to a large degree the reaction 
of the hybrid individuals it is assumed that the cytoplasm or some 
extranuclear inclusion governs the immediate reaction of the plant 
to the virus. The convergence of the results from reciprocal crosses 
in the F 2 and F 3 , however, points to the conclusion that the ultimate 
control is nuclear but that there is a delayed expression of the action 
of the genes. The further assumption is necessary that certain geno¬ 
types change the reaction of the cytoplasm more rapidly than others. 

7 The writer has found no parallel in the literature of plant genetics to the behavior described here for the 
inheritance of resistance to common bean mosaic Since this paper was submitted for publication, however, 
his attention has been drawn to an apimrently similar case in mice studied by Little (6) Little found a 
marked difference m reciprocal crosses between a high tumor line and a low tumor line, and there is an 
indication, at least, of convergence of the reciprocals in F» 
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Corbett Refugee, a second resistant variety, was used in crosses 
with susceptible Stringless Green Refugee and with resistant Michigan 
Robust. The F, generation of Corbett Refugee X Stringless Green 
Refugee and the F, generation of the reciprocal were indentical, all 
individuals being resistant. In the F 2 generation there was a differ¬ 
ence in the reciprocal crosses. From the cross Corbett Refugee X 
Stringless Green Refugee 91 percent of the F 2 individuals were re¬ 
sistant and 9 percent were susceptible. In the reciprocal cross 79 
percent were resistant and 21 percent were susceptible. These re¬ 
sults are apparently non-Mendelian also; they do not conform to any 
Mendelian ratio, although the results obtained when Stringless Green 
Refugee is used as the female parent do approach a 3 : 1 ratio. 

Crosses between the two resistant varieties yielded all resistant F, 
plants. In the F 2 generation, however, there were 7 percent suscepti- 
bles from Corbett Refugee X Michigan Robust and 9 percent sus- 
ceptibles from Michigan Robust X Corbett Refugee. From these 
results it is quite evident that the two resistant varieties differ in their 
bases for resistance, or at least that they differ in ability to transmit 
this resistance in crosses with susceptible plants 
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relation of stomatal function of wheat to 

INVASION AND INFECTION BY LEAF RUST (PUCCINIA 
TRITICINA) 1 

By Ralph M. Caldwell, associate pathologist , and (*. M. Stone, formerly agent , 
Division of Cereal Crops and Diseases , Bureau of Plant Industry , United States 
Department of Agriculture 

INTRODUCTION 

Experience in culturing leaf rust of wheat (Puccinia triticina Eriks.) 
has shown that abundant infection of the host follows inoculations 
made in totally dark humidity chambers. Loftfield (8 ) 2 and Hart (6) 
found that stomata of wheat close and remain closed in darkness, while 
Hart (6) reported that stem rust (P. graminis tritici Eriks, and Henn.) 
cannot enter closed stomata. If, therefore, the stomata of the wheats 
used in studying leaf rust reacted as did those reported by Loftfield 
and Hart, it would be apparent either that leaf rust, in contrast to 
stem rust, can enter a completely closed stoma, or that closure com¬ 
monly is insufficiently complete to exclude the entry hyphae of this 
rust. Studies were undertaken to afford information on this and 
related questions. A preliminary report on these investigations has 
been published (4). 


MATERIAL AND METHODS 

In the first section of this work the number of entries of the fungus 
into the host was judged indirectly by the number of pustules appeal¬ 
ing on leaves within 10 days after inoculation. Parallel inoculation 
trials were conducted in a lighted and in a dark humidity chamber, 
which were held in a common water bath at a relatively constant 
temperature of 21° C.±l°. The lighted chamber received sunlight 
filtered through a tray of running water, with supplementary illumi¬ 
nation from a 500-watt incandescent lamp suspended 12 inches above 
the plants on cloudy days. 

Inoculation methods were adapted to provide as uniform distribu¬ 
tion of inoculum as possible simultaneously over the entire series of 
plants used in a single experiment. In the experiments with seedlings 
the first leaf of each plant was used exclusively, while younger leaves 
were excised before inoculation. For eiich variety, 10 leaves were 
inoculated in light and 10 in darkness. The plants to be used were 
grouped together on the floor, and rust spores were showered upon 
them by shaking heavily infected plants above them at a height of 2 
to 3 feet. They were atomized with water in the evening and placed 
in the humidity chambers for 24 hours, where they were kept continu¬ 
ously moist by repeated atomizing. They were then removed to the 
greenhouse bench to dry off either in darkness or in very weak light. 
Records of infection were made after about 10 days either by counting 
the pustules and measuring the length of each leaf or by estimating the 

1 Received for publication Dec. 12,1935; issued July 1936. Cooperative investigation of the Division of 
Cereal Crops and Diseases, Bureau of Plant Industry, U. 8. Department of Agriculture, and the Botany 
Department of the Purdue University Agricultural Experiment Station. 

3 Reference is made by number (italic) to Literature Cited, p 932. 


Journal of Agricultural Research, 

Washington, D. C. 

(917) 


Vol. 52, no. 12 
June 15,1986 
Key no. 0-1013 



918 


Journal oj Agricultural Research 


Vol. 52 , no 12 


percentage infection by the scale adopted by the United States Depart¬ 
ment of Agriculture. 

Where the pustules per leaf were counted, the standard errors for 
an inoculation series comprising several varieties were computed by 
obtaining the deviations from the mean of each variety. A common 
standard error for each inoculation trial was calculated for each group 
in the dark and in the illuminated humidity chambers. 

In a part of this study, entry was studied directly by microscopic* 
examination of the epidermis of the first seedling leaf, a portion of 
which was stripped from both the dorsal and the ventral leaf surfaces 
after the inoculated leaf had been held in the humidity chambers the 
length of time required for spore germination and for the formation of 
appressoria or substomatal vesicles. The dorsal surface was more 
frequently used because of the greater facility in removing the epider¬ 
mis. A little practice made it possible to secure strips of epidermis 
the width of the entire leaf and from 1 to 2 inches long. These strips 
were immediately immersed in absolute alcohol containing the stain 
fast green. Lloyd (7) showed that by this technique the stomatal 
apertures could be preserved exactly as they wew before removal of the 
epidermis. This was confirmed in the present study by careful 
observation and counts on marked sections of leaf before and after 
removal and fixation of the epidermis. By application of Lloyd’s 
technique the relation of rust entry to stomatal aperture was studied 
directly. Fast green, an alcohol-soluble dye, was particularly suited 
to the study, since it stains the fungus more deeply than the host tissue. 
In such preparations the stomatal aperture, appressoria, substomatal 
vesicles, and infecting hypliae could be clearly seen. Gibson ( 5) 
stripped off the epidermis of leaves of various plants to study the entry 
of rusts into Species other than their own hosts, but gave no considera¬ 
tion to stomatal function. 

The cultures of leaf rust used in this work were pure clonal lines, 
cultured from either single spores or single uredia. All were repeatedly 
tested for purity on the standard differential varieties of Mains and 
fJackson (9). 

The following varieties of wheat were used in the infection and 
entry studies: Spring varieties, Hope (C. I. 3 8178), Little Club (C. I. 
4066), Marquis (C. 1. 3641), Kota (C. I. 5878), Norka (C. I. 4377), 
Progress (C. 1. 6902), and Webster (C. I. 3780); winter varieties, 
Michigan Amber selection 29-1-1-1, Gladden selection 455-1, and 
Kanred (C. I. 5146). 

EXPERIMENTAL RESULTS AND OBSERVATIONS 

RELATION OF LIGHT ANI) DARKNESS TO STOMATAL APERTURE 

As shown by Loftfield (8) and confirmed in these studies, stomatal 
movements of the wheat plant in response to light are regular, the 
stomata opening only when the plants are illuminated and closing 
very soon in darkness. In the present study, direct observations 
throughout 24-hour periods were made upon the stomatal behavior 
of outdoor-grown seedlings of Gladden, Kota, Marquis, Michigan 
Amber, and Progress wheats kept continuously supplied with abun¬ 
dant moisture. These seedlings were subjected to complete darkness 

3 C. I. denotes accession number of the Division pf Cereal Crop6 and Diseases. 
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and a saturated atmosphere at various times and for various periods 
of the day to ascertain whether the stomata ever opened in darkness 
under conditions of abundant soil moisture and high atmospheric 
humidity, which might be thought to favor such behavior. In those 
cases where the stomata were open when the plants were subjected 
to the above conditions they closed regularly within 15 minutes, 
although some reacted more promptly than others. Such closed 
stomata failed to open again in darkness, although those of the check 
plants in light maintained the characteristic daily response. If the 
stomata were closed when the plants entered the chambers they 
remained closed throughout their confinement in the dark. When 
the plants are held in darkness for 24 hours the stomata usually fail 
to open normally when first again exposed to light and may require 
considerable illumination before they resume their normal response 
to light. Certain stomata appear to be dead or nonfunctional. These 
have invariably been found to be closed. 

The stomata of mature field plants of the varieties Harvest Queen, 
Michigan Amber, Leap, Kharkof, and Turkey were observed at 8:30 
a. m. and 1 p. m. during the period from May 12 to 29, 1933, during 
which period there was abundant soil moisture. It was found, con¬ 
trary to Loftfield’s observations (#), that within a limited range all 
the stomata of a leaf reacted as a group, opening in like degree or 
closing simultaneously, according to environmental conditions, 
although on certain days little opening occurred. 

Many other observations involving many inoculation trials have 
been made, but in no case have stomata been found to be open in 
plants kept in darkness, while in plants exposed to light in the usual 
manner the stomata have been found to open regularly on exposure 
to sunlight or to artificial illumination of sufficient intensity. The 
foregoing observations would seem to indicate that the stomata of 
the experimental plants remain closed throughout any period in 
which they are kept in darkness. Furthermore, it appears from 
microscopic observation of prepared epidermal strips and of the living 
leaf that when a stoma of a normal wheat plant closes there remains 
not even a small crevice between the guard cells through which a 
hypha of a rust fungus may enter without overcoming the pressure 
exerted by these cells. Thus, by determining the abundance of infec¬ 
tion resulting from inoculations made under conditions of light and 
darkness and checking sample leaves for stomatal condition, it is 
possible to ascertain the relation of open and closed stomata to 
infection. 

INFECTION FOLLOWING INOCULATION OF FIR§T SEEDLING LEAVES HAVING OPEN 
% OR CLOSED STOMATA 

To determine whether the open or closed condition of stomata at 
the time of host entry by leaf rust lias any effect on the abundance 
of infection, the following inoculations were made: The first seedling 
leaves of the winter wheats Gladden, Kanred, and Michigan Amber 
and of the spring wheats Kota, Marquis, and Progress were inocu¬ 
lated in the evening with each of the forms 9, 55, and 56. The plants 
were atomized with water and placed in a common dark humidity 
chamber until morning, when they were separated into two groups, 
one of which was placed in the lighted and the other in the dark 
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humidity chamber described above The stomata in the lighted 
chamber were found to open in each trial, while those in the dark 
chamber remained closed. Tliis simulated the condition of evening 
dew followed by morning opening of stomata in the light, as con¬ 
trasted with continued closure of stomata The plants were removed 
to the greenhouse bench the following evening. 

With odds of 19 to 1 as the criterion of significance, there were 
only 15 out of a total of 36 comparisons m which a significant dif¬ 
ference in number of pustules occurred (table 1) 01 these 15 sig¬ 

nificant differences, 9 resulted in a greater infection in the lighted 
chambers and 6 in the dark chambers. Considering the fact that 
no open stomata have been observed on plants in the dark cham¬ 
bers, these data indicate no fundamental difference in the capacity 
of these forms of leaf rust to enter closed or open stomata of the 
six varieties of wheat studied Such significant differences as were 
recorded appear to have been due to failure to distribute the in¬ 
oculum uniformly over the experimental plants 

Table 1 •— Effect of open and closed stomata at turn of stomatal (ntry on infection 
oj first seedling leaj of 6 win at varieties by I , uccinia y hnticma, physiologic Joints 
9, r > r ), and r >6 


Pustules,i under indicated stomatal condition, of physiologic form no — 


\ anet \ 


(Hadden 

Kanred 

Kota 

Marquis 

Michigan \mher 
Progress 

A verage 


I rial 
no 




—- 


— 

- — 

— 




9 



* 

r ( 


50 

Sto 
mat i 

Sto 

matH 

Different e* 
±s r 

Sto 

111 it ti 

Sto 

III it H 

Different e 1 
4S h 

Sto 
m ita 

sto 
m itu 

Difference 
4S b 

o\wn 

closed 

ojieii 

c losed 

. 

open 

dosed 

Nu Tu¬ 

Num 

A u mb( r 

Num 

\ a m 


Num 

Num 

N umbel 

tu r 

her 


fur 

btr 

Number 

her 

btr 


11 0 

11 9 

-0 14 1 04 

30 0 

11 2 

-0 041 00 

8 0 

8 0 

-0 040 01 

15 0 

14 1 

4 9-41 00 

7 1 

8 4 

-1 14 85 

10 7 

11 7 

- 1 04 8 

li 0 

9 1 

41 941 04 

41 2 

3! 2 

{ 12 041 00 

7 0 

0 2 

41 44 04 

18 0 

10 2 

41 841 00 

8 9 

7 0 

41 14 85 

0 2 

1 7 

42 54 8 r 

7 4 

5 9 

hi 541 04 

24 9 

29 9 

- 5 041 00 

4 0 

4 0 

- 04 M 

22 1 

21 3 

4 841 00 

7 8 

0 7 

41 14 85 

0 1 

4 9 

41 24 85 

14 0 

15 4 

-1 441 04 

21 4 

10 0 

—0 041 00 

8 1 

4 0 

43 54 04 

9 0 

12 8 

- 1 841 W* 

4 5 

4 1 

f 24 85 

8 1 

7 8 

4 54 85 

22 r > 

14 9 

47 041 04 

25 1 

28 7 

-3 041 00 

8 9 

0 2 1 

42 74 04 

10 8 

9 0 

41 241 00 

5 9 

0 0 

- 14 85 

7 5 

8 0 

- 54 85 

9 1 

11 8 

— 4 741 04 

«) 9 

10 1 

414 841 00 

12 9 

11 8 

41 14 04 

10 5 

9 2 

41 44 J 00 

(* 5 

0 5 

0 

0 5 

5 0 

hi 54 85 

13 4 

12 9 

4 54 50 

18 2 

17 2 

4 1 04 53 

7 0 

7 1 

4 84 11 


* Mean number i>er linen* c entimeter of leaf for 10 leaves 
i Often minus closed 


Since inoculations at 21° C showed no effect of open or closed 
stomata on the abundance of infection, the question arises as to 
whether this is true at other temperatures Therefore a» group ol 
spring wheat varieties was inoculated with form 9 under conditions 
of open and closed stomata as in the above experiments at the tem¬ 
peratures 15°, 22°, and 29°, controlled to ±1° (table 2). The trials 
at each temperature involved a single experiment The abundance 
of infection was estimated on the scale of percentage of possible in¬ 
fection. Very little infection occurred at 29° with stomata either 
open or closed. Abundant infection took place at 15° and 22°, but 
there were no consistent differences in infection at either tempera- 
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tare between plants inoculated in the open or in the closed stomatal 
condition. 

Table 2 .-—Relation oj temperature to infection by physiologic form 9 resulting from 
inoculations of first seedling leaf with stomata open and closed 


Infection under indicated stomata, condition at 


\ ariet\ 


Hope 1 
Kota 

Little Club 
Webster . 
Norka 1 


15° 

C 

22 ° C j 

29° C 

Stomata 

Stomata 

Stomata 

Stomata 

Stomata 

Stomata 

open 

closed 

oj>en 

closed 

open 

closed 

Ptnent 

Percent 

Percent 

Percent 

Percent 

Percent 

35 

35 


_ 



45 

25 

35 

00 

Trace 

Trace 

80 

80 

90 

85 

Trace 

Trace 

65 

35 

80 

8 *) 

Trace 

Trac‘ 



75 

90 

Trace 

Trac 


_ _ 


_ 




' Hope *as inoculated only at 15° and Norka only at 22° and 29° 


INFECTION BY SINGLE UHEDIUM CULTURES THAT HAD BEEN CONTINUOUSLY 
PROPAGATED SINCE COLLECTION, BY INOCULATIONS IN LIGHT 

The question arises as to whether all strains of Puccinia triticimi 
occurring in nature are as capable of infecting when entry must occur 
through closed stomata as were the cultures of forms 9, 55, and 56 
considered above. Since these three cultures had been propagated for 
several years without light during the period of stomatal entry, it 
seemed possible that they might have been unknowingly selected 
because of their ability to effect abundant entry in darkness. There¬ 
fore 15 single-uredium cultures, from collections made in 9 different 
States in 1932, which had been continuously propagated by inocula¬ 
tions in light from the time of collection, were tested for capacity to 
infect the first seedling leaf of Gladden, Michigan Amber, and Progress 
wheats having open or closed stomata during the period of stomatal 
entry. The conditions of open and closed stomata were brought 
about as in the above experiments. The results given in table 3 are 
the estimated percentages of infection. These cultures were found 
to comprise seven different physiologic forms and are fairly repre¬ 
sentative of those prevalent in the eastern part of the United States 
in 1932. There is no evidence that the initial open or closed condi¬ 
tion of the stomata at the time of appressorium formation had any 
effect on the amount of infection by any of these cultures. 
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Table 3.— Effect of open and closed stomata at time of siomatal entry on infection 
of first seedling leaf by 15 single-uredium cultures of Pucdnia iriticina that, 
after collection, had been continuously propagated by inoculation in light 




Infection under indicated stomatal condition on— 

Plate of collection 

If 

Gladden 

Michigan Amber 

Progress 


form no 

— — 

— 

— 

- - 

— 




Stomata 

Stomata 

Stomata 

Stomata 

Stomata 

Stomata 



opien 

closed 

ojieti 

cloned 

oj>en 

closed 



Pert ent 

Percent 

Pen ent 

Percent 

Perunt 

Percent 

East Lansing, Muh 

9 

30 

30 

30 

30 

30 

10 

Marion County, Jnd 

15 

25 

25 

50 

35 

75 

25 

Elk Creek, Va 

15 

15 

15 

15 

15 

15 

25 

Statesville, N C 

15 

60 

60 

50 

50 

75 

75 

Moultrie County, 111 

39 

65 

75 

05 

75 

65 

65 

Gainesville, Fla 

55 

75 

75 

00 

75 

75 

75 

State College, Pa 

56 

30 

30 

50 

50 

40 

40 

Columbus, Ohio 

56 

85 

85 

75 

75 

85 

85 

La Favette, Ind 

56 

75 

75 

75 

75 

UO 

50 

Elkhart, Ind 

56 

20 

60 

60 

60 

ao 

60 

Vanderburgh County, Ind 

56 

20 

40 

60 

40 

65 

50 

Raleigh, N C 

5ft 

50 

50 

50 

50 

50 

50 

Experiment, Ga 

60 

50 

50 

50 

50 

50 

50 

Allen County, Ohio 

61 

10 

15 

% 

35 

50 

to 

Fairfield County, Ohio 

61 

15 

15 

5tr 

15 

45 

15 

Average 

1 

41 7 

46 7 

51 7 

48 7 

56 0 

50 3 


INFECTION RESULTS WITH MATURE PLANTS 

In extensive testing of leaf rust resistance of mature wheat plants 
during the winter months in the greenhouse at La Fayette, Ind , 
heavy infection has usually been secured. The conditions during the 
period of possible fungus entry were such that it seemed reasonable 
to assume that entry took place through closed stomata. Thus, it 
has been the practice to shower the plants with inoculum at about 
4:80 p. m., wet them with a fine spray of water, and cover with several 
layers of wet muslin cloth. The cloths were removed between 8 and 
9 a. m. the next day and the plants allowed to dry at once. Since 
more than an hour of daylight is necessary to cause stomatal opening 
during the winter, it appears that the stomata usually remained 
closed until the moisture had evaporated from the plants. Further 
evidence that entry was effected before the plants were uncovered 
was obtained with a large series of mature plants in which abundant 
infection occurred, even though the wet plants were heavily dusted 
with sulphur for mildew control immediately following removal of 
the muslin cloths. Other experiments relating to the control of 
cereal rusts by the application of sulphur dust indicate that but 
little infection occurs after such treatment. 

Mature Kota and Marquis wheat plants, in duplicate series of 15 

( dants each, were inoculated with physiologic form 56 and exposed to 
ight and to darkness at 21° C. during the period of stomatal entry. 
Moderately abundant infection occurred from inoculations in the 
light, with slightly less from those in darkness—a result not unlike 
that obtained with seedlings and reported above. 
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FACILITY OF ENTRY THROUGH INITIALLY OPEN OR CLOSED STOMATA AS DETER¬ 
MINED DIRECTLY BY SUBSTOMATAL VESICLE COUNTS 

In the experiments described above, the ability of Puccinia triticina 
to enter the host stomata was inferred from the abundance of infection. 
This method is subject to inaccuracies incident to unequal distribu¬ 
tion of both inoculum and moisture on the leaves. These defeets 
were eliminated almost entirely by the technique described above, 
wherein the epidermis was stripped from the inoculated leaves and 
examined directly with the microscope to determine the percentage 
of appressoria that had effected entry. 

Triplicate trials with physiologic form 55 on Michigan Amber were 
made by this method. The first leaves of seedling plants grown in 
the greenhouse were inoculated at 2:30 a. m. to insure abundant 
germination following the opening of the stomata. Some of the 
plants W’ere placed in the dark and some in the lighted inoculation 
chamber. In the latter the stomata opened wide the next day and 
remained so until 4 p. m., wdien the epidermis was stripped. In the 
dark chamber the stomata remained closed all day. Unpublished 
data by the junior writer indicate that with physiologic form 55 
stomatal entry occurs most abundantly between 6 and 12 hours after 
inoculation. It may therefore be assumed that in this experiment 
the majority of appressoria developed after the stomata had opened 
in the lighted chamber and over closed stomata in the dark chamber. 
By systematic inspection of the strips of epidermis the percentages of 
those appressoria from which entry had occurred were determined, 
and the results are presented in table 4. It will be seen that on leaves 
with open stomata an average (if 89.8 percent of the appressoria had 
effected entry at the time of stripping, while, on leaves with closed 
stomata, 85.3 percent had succeeded. The difference seems insignifi¬ 
cant in \iew of the high percentage of entries. 


Table 4 — Effect of open and closed stomata on stomatal entry by Pnccima triticina, 
physiologic form .5.7, in Michigan Amber wheat as deteimiried by substomalal- 
vcsicle counts 


Inoculation trial no 


1 

2 

3 


Total 


Stoinata ojien 

Stomata closet! 

Appressoria 
not effect* 
ing entry 

Appressoria effect¬ 
ing entr> 

Appressoria 
not effect¬ 
ing entr> 

Appressoria effect¬ 
ing entr> 

Number 

Number 

Percent 

Number 

Number 

P, rcent 

15 

115 

88 5 

32 

155 

82 9 

19 

135 

87 7 

24 

157 

Hb 7 

15 

IHl_ 

92 3 

28 

17(> 

8(1 3 

49 

431 

89 K 

84 

488 

85 3 


MODE OF ENTRY AND ITS RELATION TO STOMATAL APERTURE 

A study was made of the mode of stomatal entry into the first 
seedling leaf of plants of Gladden, Kanred, Kota, Marquis, Michigan 
Amber, and Progress wheats by 18 cultures of Pnccinia triticina. 
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These cultures, collected from several different States, comprised the 
physiologic forms 9, 15, 39, 55, 56, 60, and 61. Epidermal strips, 
prepared as already described, were examined. Observations were 
made with respect to the entire sequence of development, from spore 
germination through the formation of the appressorium, the infecting 
hypha, and the first haustorium mother cell. 

The formation of appressoria has been observed to occur exclusively 
over stomata. As shown by Allen ( 2 ), more than one appressorium 
may occupy a single stoma (fig. 1). Instead of producing a normal 
entry hypha, an occasional appressorium may develop a small vesicle 
on the surface of the leaf, similar in appearance to a substomatal 
vesicle. This, in turn, may produce a hypha similar in appearance 
to an infecting hypha, but on the leaf surface. The appressoriuin 
usually is formed upon one end of the stoma (fig. 2, A , #), but ocea- 



J* KtURL 1 —Stoma of Michigan Amber wheat showing entry from two approssona of Puccmia tnfinna 
physiologic form 55 a, Germ tube of urediosjiore. h, walls of pmpH appressoria, r, slits between guard 
cells forced open by entry of the rust, d, substomatal vesicles filled with protoplasm f, accessory cell of 
stoma, f, guard cell of stoma, g, cell of epidermis Drawing (semidiagrammatic) made with the aid of thi 
camera lucida X #875 


sionally it may be found near its center (fig 3, B). Entrance ne\er 
has been found to occur directly from a germ tube without the forma¬ 
tion of an appressorium. 

Although the appressorium may begin to form over an open stoma 
the latter soon closes, even before the appressorium is fully developed 
(fig. 2, A). Where appressoria form over closed stomata in darkness, 
the occupied stomata fail to open when the plants are again illumi¬ 
nated (fig. 2, B). In observations of hundreds of appressoria on 
strips of epidermis with normally open stomata, no instance has 
been found where a mature appressorium occupied a stoma* that was 
more than very slightly open, and these latter cases were very rare 

Closure of stomata occupied by rust was shown to occur prior to 
entry in strips of epidermis of six wheat varieties inoculated with 
Puccinia triticina physiologic forms 55 and 56 (table 5). The strips 
were taken 6 to 8 hours after inoculation, before many entries had 
occurred and after exposure of the inoculated plants to light in the 
humidity chamber for from 3 to 4 hours. This was sufficient light 
to cause opening of a majority of* the unoccupied stomata. On the 
epidermal strips the appressoria that have effected entry can be 















>i(iiJRfc 2 —A, At right, photomicrograph of an immature oppressor!um of ^ MCC *™ a 
form 9 over a closed stoma of the first seedling leaf of a Michigan Amber wheat plant This^PPmoriuo 
probably began to form while the stoma was yet oi>en At left, an open, unoccupied stoma X about 
.195 B, At right, similar to A, except that the appre^sorium is mature and probably was forced at 
night over a closed stoma which failed to open in the morning Fntry has not yet w^urred X &bout 
395 At left, an open, unoccupied stoma C, At right, similar to A, but with Uromycfi tiifolil X 
about 395 At left, an open, unoccupied stoma 
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distinguished readily from tlioso that have not by the empty ap- 
pressorium wall and by the dark-staining substomatal vesicle (fig. 4, 
.-1). The stomata of all six varieties apparently reacted alike to the 
appressoria in closing prior to entry by the fungus. Of a total of 
618 observations of individual appressoria of physiologic form 55, 
615 had caused the underlying stomata to close,' while 3 had per¬ 
mitted a very narrow slit to persist. Of the unoccupied stomata 
observed on the same epidermal strips, 94 percent were open. The 
behavior of the six wheat varieties was almost identical. Similar 
results were obtained from physiologic form 56. 

Table .5 —Effect of appressoria of Pucnnta triticma physiologic forms 55 and 56, 
prior to entry , on stomatal function oj first seedling leaf of wheat 1 


Inoculated vith P triticma physiologic Inoculated with P triticma physiologic 
form 55 form 56 


Variet y 

Occupied stomata 

Unoccupied stomata 

Occupied stomata 

Unoccupied stomatH 


| Closed 

Open 

Closed 

Open 

Closed 

Oj>en 

Closed 

Oi>en 


Nam 

Num- 

Per- 

Nil 7/1- 

Nam- 

Per- 

Nam- 

Num- 

Per 

Num- 

Num- 

Per- 


her 

ber 

cent 

ber 

ber 

cent 

ber 

btr 

cent 

ber 

ber 

cent 

Michigan Amber 

118 

0 

0 

28 

472 

94 4 

164 

0 

0 ' 

18 

682 

97 4 

Gladden 

02 

2 

.1 13 

65 

838 

92 8 

66 

1 

1 49 

44 

466 

91 4 

Kanred 

75 

() 

0 

42 

058 

94 l) 

83 

0 

0 

93 

707 

88 4 

Kota 

120 

1 

79 

42 

858 

95 3 

45 

0 

0 

11 

389 

97 3 

Martinis 

86 

0 

0 

49 

651 

93 0 

28 

0 

0 

13 

387 

96 8 

Progress 

148 

0 

0 

.58 

942 

94 2 

32 

0 

0 

22 

400 

94 8 

Total 

615 

1 

49 

284 

4,419 

94 0 

418 

1 

24 

201 

3,031 

91 8 


1 Plants were held in illuminated humidity chambers following inoculation until the time of stripping 


Following stomatal entry and subsequent transfer of the proto¬ 
plasm from the appressorium to the substomatal vesicles or infecting 
hyphae, the stomata still fail to open when exposed to light. In 
table 6 data are given from Michigan Amber plants, inoculated with 
physiologic form 55, from which the epidermis was stripped about 
18 hours after inoculation and after unoccupied stomata had been 
induced to open in the light. No attempt was made to determine 
whether entry had been effected from each appressorium observed, 
but it was obvious that all but a very few appressoria were empty. 
Of 536 stomata occupied by appressoria and presumably entered, 
535 were tightly closed while 1 possessed a narrow slit. Of 1,641 
unoccupied stomata on the same strips of epidermis, 86.6 percent 
were open. 


EXPLANATORY LEGEND FOR FIGURE 3 

4. Photomicrograph of a stoma of the seedling leaf of Michigan Amber wheat entered by Pucdnta 
tniiclna physiologic form 9 near one end of the stoma a, Stomatal slit opened by the fungus, b, wall 
of empty appressorium, c and <f, nuclei of an accessory cell and epidermal cell, respectively, that 
have become oriented near the point of entry X about 707. B, Similar to A, with physiologic form 56, 
but entry occurred at the approximate center of the stoma a, Wall of empty appressorium; b, stomatal 
slit opened by the fungus, c and d, nuclei of an accessory and epidermal cell, respectively, that have 
become oriented near the point of entry. X about 707. C, A normal stoma of Michigan Amber dosed 
in darkness, no opening present. X about 707 D, A minute slit in an abnormal stoma, adjacent to 
that in C, m which the accessory cell has been replaced by a hair cell, preventing the normal dosing of 
the stoma. X about 707. 


76904 - 66 - 3 
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Table 6 —Effect of Puccinia tnticina physiologic form 55, subsequent in entry, on 
stomatal function of first seedling leaf of Michigan Amber wheat 



Stomata entered 

Stomata unentered 

Inoculation trial no 


1 



1 



Stomata 

closed 

Stomata open 

Stomata 

closed 

Stomata oj>en 


Number 

Number 

Percent 

Number 

Number 

Ptrc 'it 


252 

1 

0 4 

1K0 

m 

77 7 


154 

0 

0 

18 

330 

94 s 


129 

0 

0 

22 

405 

95 5 

Total 

535 

1 

2 

220 

1,421 

Sf> 0 


The direct observation of the effect of the living appressoria on 
stomata of living plants was facilitated by the use of a Leitz ITltro- 
pequa microscope. For this work wheat seedlings were prown in 
small glass vials and the whole was mounted on the mechanical stage 
of the microscope. The seedling leaves were inoculated with leaf 
rust and were examined after the urediospores had germinated, and 
the unoccupied stomata were induced to open in light. Many 
stomata occupied by appressoria were observed and all were com¬ 
pletely closed, while neighboring unoccupied stomata were very 
largely open. 

The entry hypha from the appressorium apparently exerts a 
pressure in pushing through between the closed guard cells In 
many cases where the stomata were favorably oriented and the con¬ 
tents of the appressoria had moved into the substomatal vesicles or 
infecting hyphae, it was possible to see clearly, through the trans¬ 
parent appressorium, the minute lens-shaped opening between the 
guard cells, apparently produced by the force of the entry hypha 
digs. 1 and 3, A , B). The entries shown in figures 1 and 3, A , are 
at the usual point of entry, i. e., at the ends of the stoma. Figure 
3, B , however, shows a case where entry was effected at the center 
of the stoma. 

The study of strips of epidermis fixed in alcohol and of the living 
leaf by means of the Leitz Ultropaque microscope failed to disclose 
in normally closed stomata any openings such as are shown below 
the appressoria in figures 1 and 3, A , B. Were such minute slits 
normally present they would be readily observed in alcohol mounts 
of epidermis, as is shown in figure 3, D. Here the accessory cell 
has failed to develop and has been replaced by a hair cell which infcer- 


EXPLANATORY LEGEND FOR FIGURE 4 

1 Photomicrograph from the outside of a stoma of a seedling leaf of Michigan Amber wheat The 
stoma has been invaded by an entry hypha of Puccinia triticina physiologic form 9 Taken with a 
low-power objective to give depth of focus, showing the empty appressorium wall at a, and the deep 
staining substomatal vesicle at 6 X about 707 B, As in A, with physiologic form 39, but viewed 
from the inner side of the epidermis strip a, Protoplasm-filled substomatal \esicle, 6, young infecting 
hypha X about 790 C, Photomicrograph of two substomatal vesicles and one infecting hypha of 
P trttictna physiologic form 15 viewed from the inner side of the epidermis of the first leaf of a Gladden 
wheat plant a, A haustonum mother cell wedged in place against the mesopbyll cells Note that the 
infecting hypha grew out parallel to the epidermis A mesophyll cell showing as a shadow over the 
haustorlum mother cell, because above the focal plane, makes relatively certain the conclusion that the 
haustorium mother cell was undisturbed in the making of the preparation b. Empty substomatal 
vesicle from which infecting hypha was produced A portion of the infecting hypha is out of focus and 
shows as a shadow over the vesicle at the left X about 707 
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fered with the normal functioning of the stoma. Other stomata 
on this specimen of epidermis were tightly closed, as shown in figure 
3, C ) from a photomicrograph of the stoma nearest to that shown in 
figure 3, Z>. 

There commonly is an orientation of the nuclei of the stomatal 
accessory cells and adjacent epidermal cells to the wall nearest to a 
point of entry, suggesting a response to an injury or a chemical 
stimulus (figs 3, A, B, and 4, A). Normally, for noninvaded stomata, 
the nuclei of the accessory cells lie against the wall outermost from 
the guard cells (fig. 3, (\ D). 

One infecting hypha was regularly produced, as found by Allen (3) 
An entire substomatal \esiele and an infecting hypha are shown in 
figure 4, B In figure 4, C, is shown a haustorium mother cell wedged 
in the angle between mesopliyll cells that have adhered to the epider¬ 
mis In this and other instances the infecting hyphae quite definitely 
grew out approximately parallel to the epidermis rather than at right 
angles, which, as Allen (7) has indicated, was characteristic for the 
culture of Pvccinia tnticina form 11 with which she worked. These 
cases may have been exceptions, since infecting hyphae extending 
directly into the substomatal cavity would ver^probably be disturbed 
in the preparation of the epidermal strips 

A study was made of the entry of Vromyces tnfolii (Iledw f ) Le\ 
from red clover (Tnjollum jnaiev^e L ) into the first seedling leaf ol 
Michigan Amber wheat In two such inoculation experiments, re¬ 
ported in table 7, the behavior of this rust on wheat was identical 
with that of Pvccinia trlticha in readily entering the stomata, which 
regularly closed prior to entry (fig 1, c). 

Table 7 —Effect of appressoria of clovei rust {Vroviyces tnfoln) , prior to entry, on 
stomatal function of first seedling leaf of Michigan Amber wheat 


Inoculation trial no 


Occupied stomata 


Closed 

Open 

( losed 

Open 

Number 

Number 

Percent 

Nit mber 

Number 

Pm eiit 

241 

0 

0 

29 

180 

86 J 

19 J 

0 

' 

17 

243 

93 r J 


I noccupjed stomata 


DISCUSSION 

While it is not possible to generalize fully on the capacity of the 
leaf rust of wheat to enter closed stomata, this study indicates that it 
is unlikely that any of the strains of this rust occurring in the United 
vStates depend upon open stomata for host invasions. Hart (6*) has 
described a type of resistance to stem rust {Puccmia gram\nis tritici ), 
which she terms “functional resistance ” This consists of a habit of 
delayed morning opening of stomata of certain wheats, preventing 
the entry of this rust until the moisture on the plant has evaporated, 
thus exposing the delicate germ tubes to desiccation and death before 
entry can be effected The results of the present study would seem 
to dismiss the possibility of this type of resistance to leaf rust, since 
each of the 18 cultures of leaf rust studied was able to enter closed 
stomata and since forms 9, 55, % and 56, studied in greater detail, 
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apparently never enter open stomata because of the prompt stomatal 
closure in response to appressorium formation. 

It has been generally assumed (2, 6, 8) that entry of the cereal host 
by rusts occurs only through open stomata. The appressorium of 
the germinating urediospore has apparently been considered to have 
no function beyond that of a germ tube. So far as concerns the cul¬ 
tures of leaf rust here employed, it is highly probable that the appres¬ 
sorium is an organ particularly adapted to force stomatal entry, 
having a function somewhat similar to that of the appressorium 
originating from the basidiospore, which effects direct penetration of 
the epidermis 

Allen {1 , 2) states that the appressorium probably yields some toxic 
secretion that exerts a harmful effect on the host cells, in some in¬ 
stances even killing the guard cells. Whatever the nature of this 
injury, it does not appear to be the sole means by which entry through 
closed stomata is made possible, although it may play a part in that 
process. The very small stomatal slit forced open by the entry hypha 
indicates that a definitely localized pressure is exerted on the stoma, 
just as happens in cases of direct penetration of the epidermis of the 
alternate hosts by the gametophytic phase of rusts and by other fungi 
effecting direct penetration. 

The response of the nuclei of the stomatal accessory and epidermal 
cells of the host in orienting themselves against the cell walls nearest 
to an entering leaf rust fungus supplements Allen's observation (2, 8) 
on the effects of the leaf rust fungus on the position of nuclei of 
accessory cells and the condition of the entire protoplast of the guard 
cells. She noted in Malakof wheat (resistant) at least two instances 
in which the accessory cell nuclei lay as close as possible to the enter¬ 
ing fungus, while in Little Club (susceptible) the staining reaction 
indicated that the protoplasts of the guard cells of the invaded stomata 
often were killed and their walls altered chemicallv She (/) further 
observed in the case of stem rust, Puccini a gram i n is tritici , that the 
guard cells and adjoining epidermal cells of both susceptible and re¬ 
sistant varieties may be severely injured or killed by the effect of the 
appressorium The orientation of the nuclei observed in the writers’ 
studies suggests a traumatotaetic response similar to that of corn 
seedlings injured by disease or otherwise, as reported by Learson {JO) 
and in other investigations reviewed by her. In the case of leaf rust, 
where the invasion of the cereal host occurs through a forced entry of 
stomata, it is possible that this injury may be a means of facilitating 
such entry. On the other hand, the injury may be quite unrelated 
to entry. 

SUMMARY AND CONCLUSIONS 

* 

A simple technique is described for studying the entrance phenom¬ 
ena of a rust in relation to stomatal aperture. This involves the 
stripping of the inoculated epidermis from the mesophyll cells and 
its fixation in absolute alcohol containing a suitable stain. 

The initial open condition of stomata of seedling wheat, prior to 
appressorium formation, is unnecessary to entry by leaf rust (Puccima 
triticina), as represented bv 18 cultures comprising 7 physiologic 
forms. Limitecf studies suggest the same relation for mature plants. 
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The normally closed stomata of wheat seedlings provide no open¬ 
ings through which entry hyphae of leaf rust can pass without over¬ 
coming the resistance exerted by the tightly closed guard cells. When 
an appressorium of leaf rust is initiated on an open stoma of a seedling 
leaf, the stoma closes tightly prior to entry. 

The appressorium originating from the urediospore appears to 
function as a specialized organ to apply pressure between the closed 
guard cells, thereby effecting a forced opening of the stoma and entry 
by the fungus. 

Since closed stomata offer no effective barrier to the entry of 
Puccinia triticina , there is no possibility of “functional resistance” 
to this rust through delayed morning opening of stomata. 

Appressoria of clover rust ( llromyces trrfolii) also cause wheat 
stomata to close and have been observed to effect numerous entries 
through initially closed stomata of seedling wheat leaves. 
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INHIBITING EFFECT OF SULPHUR IN SELENIZED SOIL 
ON TOXICITY OF WHEAT TO RATS 1 


B\ Annie M Hurd-Kakher, assonatt physiologist, Division of ('meal Crop* and 
Diseases, Bureau of Plant Industry, and Maui H Kennedy, assistant scien¬ 
tific aid 1 , Foods and Nutrition Division, Buieau of I tome Economics, (hated 
States Department of Agriculture 1 

INTRODUCTION 

The recent discovery (9, 18 )' that a serious disease of livestock is 
caused bv ingestion of selenium contained in vegetation grown on 
certain soils of the Middle Western States led to an investigation 
of the absorption of selenium by plants and of the factors affecting 
it (10, 11). In the course of these investigations it was found that 
the addition of but 1 part per million of selenium as sodium selenate 
to the soil (Keyport clay loam) rendered wheat grown thereon toxic 
to white rats 01). Later it was found 4 that wheat grown with this 
concentration of selenium produced symptoms of injury similar to 
but not so extreme as those produced by feeding the naturally toxic 
wheat from the Middle West. There soon followed the discovery 
that the quantity of selenium absorbed by the plants could be re¬ 
duced by increasing the sulphur in the soil or nutrient solution (10, 
11). The bearing of this interrelationship of the two elements on 
the problem of control or amelioration of the disease in seleniferous 
soil areas was at once apparent. Experiments were therefore de¬ 
signed to determine whether the addition of excess sulphur to a 
selenized soil would reduce or pre\ent the toxicity of wheat grown 
upon it. The results of these experiments are reported in the present 
paper. 

METHODS 

A winter wheat (Dixie, a strain of Purplestraw) was grown at the 
Arlington Experiment Farm, Rosslyn, Va., on eight outdoor plots 
of Keyport clay loam about 5 feet square separated by 8-inch buffer 
zones of soil between boards extending 6 inches into the ground. 
To six of these plots soleniuni was added at the rate of 2 p. p. m. as 
sodium selenate fr^SeOjlO 11/)), calculated on the basis of a depth 
of fi inches of soil (5 g sodium selenate m 1,200 pounds of soil). Two 
of the plots, nos. 2 and 6, received only the selenium. Plots 3 and 7 

' KgwnvccI for publication Feb 1,1930, issued July 19% 

' The writers are indebted to Hazel E Munsell, in chargo of the Foods and Nutrition Division of the 
Hureau of Home Economics, for general suiiervislon of the feeding tests 
Reference is made by number (Italic) to Literature Cited, p 941 
4 The toxicity of this gram, grown m quartz sand cultures, has \mn studied in comparison with that 
u* the naturally toxic grain from South Dakota by Hazel E Munsell, (trace M De Vaney, and Marv 
Kennedy, of the Bureau of Home Economics, and their report is being piepared for publication 
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received in addition flowers of sulphur at the rate of 1,500 pounds 
per acre (1 pound per plot), and plots 4 and 8 received the same 
amount of sulphur in the form of gypsum (5 pounds per plot). Two 
control plots, nos. 1 and 5, received no treatment. 

The sulphur and gypsum (CaS0 4 ) were added first and thoroughly 
mixed with the. soil to a depth of (5 inches. The requisite amount 
of sodium selenate (5.08 g, supplying 1.09 g of selenium) was added 
2 days later. It was dissolved in several gallons of water in a water¬ 
ing can and carefully sprinkled on the soil, which was then thoroughly 
turned and mixed to a depth of 6 inches. The seed was sown on 
October 18, 1933. Some of the young plants were cut the following 
spring (April 18, 1934) for selenium analyses, and the rest were al¬ 
lowed to mature. Neither the plants nor the grain from the selenized 
plots differed in appearance from those of the control plots receiving 
no selenium, 2 p. p. m. selenium in this soil being insufficient to 
produce symptoms of injury (10, 11). 

White rats were used to test the toxicity of the grain, since they 
(dearly indicate the presence' of small amounts of selenium in their 
food by an initial reluctance to eat and by pii^nounced tissue changes 
in the liver (5, 8). The grain was incorporated in the diet of the 
young rats when they were weaned at the age of 28 days. The 
grain constituted 70 percent of the diet, the rest being skim-milk 
powder (13 percent), dried bone and meat scrap (5 percent), yeast 
powder (5 percent), butter (5 percent), and cod-liver oil (2 percent). 
All the rats of a given experiment were of the same sex and from 
the same litter and were kept in individual cages and weighed weekly. 

The feeding tests comprised three experiments. In the first, four 
female rats were fed all they would eat of the diets containing the 
grain from plots 1 to 4, respectively. The second experiment was a 
duplication of the first, with grain from plots 5 to 8 fed similarly to 
female rats of another litter. 

Since the more selenium there is in the diet the less the rats will 
eat (5, 8), a third experiment was designed to distinguish between 
the direct effects of the selenium and the effects due to inanition 
from the reduced food intake. Litter-mate males were fed grain 
from plots 1, 3, and 4 limited in amount to that eaten during the 
preceding 24 hours by a rat fed the “selenium-alone” grain from 
plot 2. In order to determine the extent to which inanition from 
insufficient food supply determined the growth rates of these rats, 
a fifth male of the litter was fed all lie would eat of the control grain 
from plot 1. 

At the close of the experiments the rats were autopsied, and the 
livers especially were examined for evidence of selenium poisoning. 

RESULTS 

The average weekly food consumption of the rats, their initial and 
final weights, and the presence or absence of liver symptoms at 
autopsy are given in table 1. The growth curves are presented in 
figures 1 and 2. 
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i Growth curvc-s, of female rots fed all thet would eat of diets containing grain from untreated 
soil and from soil treated with 2 p p m of selenium (as sodium selenate), with and without sulphur 
applications A, First experiment, with grain from plots 1 to 4, /?, second experiment with grain from the 
duplicate plots 5 to 8 The feeding of the second group was continued longer than that of the first, and 
the final weights, not included in this graph, are given in table 1 
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fi(,i kl 2 Growth curves of male rats of the third experiment fed diets containing gram from plots 1 
to 4 AUth the daily food intake of rats l l and 4 limited to that of the rat fed on the toxic gram from 
plot 2 (curve marked unrestricted toxic gram ) The curve marked unrestricted normal gram isthni 
of a male rat (no 5) from the same litter fed all ht would eat of the diet cont aming control gram from plot 1 
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Table 1 .— Effect on white rats of feeding wheat grown on selenized soil with and 
without applications of sulphur 




Soil treatment 

Average weekly food intake of 

Growth of rats 
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Rat no 1 
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0 

None 

49 4 

02 2 

69 4 
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Hat no 2 

2 

2 

do 

22 6 

44 1 

40 0 



52 

115 

63 

Hat no 3 

3 

2 

Sulphur 

40 0 

68 0 

63 7 



42 
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103 

Rat no 4 

4 

2 

Gypsum 

45 1 

62 9 

60 4 



45 

159 

114 

2 T nrestricted feeding 












Rat no 1 

5 

0 

None 

00 0 

70 4 

67 0 

09 2 

68 5 

50 

177 

127 

Rat no 2 

6 

2 

do 

42 8 

49 6 

58 2 

61 2 

62 4 

55 
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107 

Rat no 3 

7 

2 

Sulphur 

59 6 

01 0 

63 5 

08 7 

69 3 

53 

179 

120 

Rat no 4 

i Restricted feeding 1 

8 

2 

Gypsum 

55 0 

56 8 

57 5 

58 7 

55 8 

53 
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104 

Rat no 1 .. 
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64 0 

78 7 
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Rat no 3 
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1 Feeding of ruts 1, 3, and 4 restricted to that of no 2 

i Owing to exhaustion of the “selenium-plus-sulphur” gram sample, this rat was killed and autojisied a 
week before the others, at which time its weight was the same as that of the control on normal grain, i e , 

200 g 

During: the first week of the unrestricted feeding experiments the 
rats on the grain samples from plots 2 and 6, treated with selenium 
alone, ate much less and grew far more slowly than those fed grain 
from the similarly selenized plots that had received sulphur or gypsum 
in addition (fig. 1, A and B). After the first week the difference 
became less pronounced as the rats apparently became used to the 
abnormal smell or taste of the “selenium-alone” grain and ate more 
normally, with a corresponding increase in rate of growth. Since 
marked initial retardation of growth is characteristic of animals given 
food containing selenium (5, 6, 8), the comparative growth rates 
during the first week of feeding showed clearly that the sulphur and 
gypsum treatments of the soil had so reduced the selenium intake of 
the plants that the grain did not retard the growth of the rats. 

In the third experiment the growth rates of the rats on diets con¬ 
taining grain from plots 1, 3, and 4, respectively, each restricted in 
amount to that eaten by the rat on grain from plot 2, were all much 
the same (fig. 2), indicating that the initial retardation in the growth 
of the rats on grain from the unsulphured selenized plots 2 and fi was 
largely attributable to disinclination to eat rather than to a specific 
physiological effect of the ingested selenium. Since the rat on the 
grain from plot 2 was fed all that he would eat, comparison of his 
growth curve with that of the fifth male of the same litter on an 
unrestricted diet of normal grain shows the extent to which the 
former’s growth was hindered (fig. 2). The 2 p. p. m. selenium added 
to the soil did not make the grain sufficiently toxic to kill the rats in 
any of the experiments. 
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Fh.urf 1 — A, Liver of rat of second experiment injured by selenium in gram grown on Keyport cIh 
loam to which was added 2 p p m of selenium as sodium selenate, B, normal liver X 2 








June 15, 1936 


Inhibiting Effect of Sulphur in Selenized Soil 


939 


The evidence from the growth curves that the grain from the 
selenized soil treated with sulphur or gypsum was less toxic than that 
from the plots receiving selenium alone was corroborated by the 
autopsy findings. Liver injury is the most obvious effect oi mild 
selenium poisoning in ruts (5, 6, 8). In the present experiments such 
injury characterized all the rats on grain from the unsulphured 
selenized soils. The upper lobe was small and atrophied; the one 
immediately beneath was enlarged and thickened (fig. 3). In one 
case the lobes were held together by adhesions. The surfaces were 
roughened by prominent lobules, which produced a granular appear¬ 
ance rather than the extreme nodulose distortion accompanying 
more severe poisoning (5). In a photograph made with light from a 
mercury lamp (fig. 4, C) the liver had a blanched appearance sug¬ 
gestive of the anemic condition characteristic of selenized rats {5, 7, 
12). In marked contrast, the livers of the rats fed grain from the 
selenized soil treated with sulphur or gypsum appeared normal (fig. 
4, I) and E), like those of the rats fed control grain from the unsele- 
nized plots (fig. 4, A and 11). The livers therefore showed very 
convincingly that the excess sulphur added to the selenized soil had 
prevented the grain from absorbing toxic concentrations of selenium 
On analysis, the grain that produced the selenium-damaged liver 
shown in figure 4, C, was found to contain about 12 p. p m of seleni¬ 
um (making a concentration of 8.4 p. p. m in the diet). The nontoxic 
grain from the similarly selenized plots given sulphur or gypsum 
applications contained about 4 p. p. m. (making 2 8 p. p. m. in the die!). 


Tabll 2 Analyses of plant material from ih( plots piodncing the giatri of the 
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1 0 
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5 


1 Graumetrie determinations by A Van Kleeck under the direction of II G Bvers, of the Bureau of 
( hemistry and Soils 

2 Graumetrie determinations b\ K F Gardiner and R B Deemer under the direct lop of P K I>a\* 
son of the Bureau of Plant Industry 

1 Colorimetric determinations in duplicate by L II Greathouse, of the Bureau of Plant Industry 


The analyses of grain from the various selenized plots are sum¬ 
marized in table 2 (except that from plot 2, which was entirely con¬ 
sumed in the feeding tests), together with analyses of the plants 
themselves at an early stage of development (tillering) and at maturity 
Analyses of grain from the same plots the following year (1935) with 
no additional treatments of the soil are also included The data all 
give evidence of reduced selenium absorption in the presence of 
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excess sulphur, the reduction being even more pronounced the second 
year than the first. 6 



Fic.ure 4 —Livers of rats fed (*4 and B) Control grain from plot 5, f C) gram from plot b to which 2 p p m 
of selenium as sodium selenate was added, (I?) gram from plot 8 receiving the same quantity of seler uni 
plus gypsum, (E) grain from plot 7 receiving the selenium plus sulphur All five lners were photo 
graphed on one plate with light from a mercury lamp Natural size 


s A third year’s analyses of young plants from these plots showed that but a trace of available selemun 
remained m the sod The plants from the selenized plots 2 and A without sulphur or gypsum still contained 
the most selenium, namely, 0 6 and 0 7 p p m. — where 50 to 110 p p ra , had been found 2 years before 
Evidence of a rapid decrease in selenium absorption by successive crops on the same soil appears also n 
the gram analyses for the first and second years! 
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That grain grown on soil treated with but 2 p. p. in. of selenium (5 g 
of sodium selenate in 1,200 pounds of soil) should be toxic emphasizes 
the seriousness of the problem in areas where the soil contains even 
higher concentrations (3). The problem exists because of the 
capacity of the plant for accumulating large quantities of selenium 
from small amounts in the soil, a capacity possessed in extraordinary 
degree by certain forage plants of the Middle We3t where the selenium 
(lisease of livestock occurs (/, J, 3, 4, 0). Whether sulphur treatments 
will prove fully effective and feasible for reducing the absorption of 
selenium by vegetation in these areas remains to be determined. 

SUMMARY 

In the present experiments wheat grown on soil containing 2 
p. p. m. of selenium and comprising 70 percent of the diet of white 
rats produced the retardKl growth and the liver injury characteristic 
of selenium poisoning. Wheat grown on similarly selenized soil 
treated with flowers of sulphur or with gypsum was not toxic. 
Chemical unalysis of the grain showed that the sulphur and gypsum 
treatments reduced the concentration of selenium m the grain from 
about 12 p. p. m. to about 4 p. p. m. 
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RESPONSE OF CERTAIN PLANTS TO LENGTH OF DAY AND 
TEMPERATURE UNDER CONTROLLED CONDITIONS 1 


By Robert A. Steinberg, associate physiologist , and W. W. Garner, principal 
physiologist m charge, Division of Tobacco and Plant Nutrition, Bureau of Plant 
Industry, Ignited States Department of Agricultun 

INTRODUCTION 


Since the appearance of the first paper of Garner and Allard on 
photoperiodism (< 5) 2 an extensive literature covering various phases 
of the subject has developed. The accumulated data as a whole are 
sufficiently comprehensive and consistent to remove any doubt as to 
the practical importance of length of day as a factor in plant growth 
and development. However, only in comparatively few instances 
have the experiments in this field been conducted with sufficiently 
accurate control of the environment as a whole to yield results of a 
quantitative nature that could be readily reproduced. Since in most 
instances natural illumination, with or without supplemental artificial 
light, has been employed, control of the illumination conditions other 
than daily duration has been out of the question, and usually only 
partial control of other environmental factors has been attempted. 

Inasmuch as growth and development within the limits imposed 
by heredity ordinarily are the net result of interaction of the many 
environmental factors influencing the plant, it is necessary to supple¬ 
ment the above-mentioned data with observations made under 
controlled conditions and with suitable modifications of factors other 
than light duration if accurate information is to be obtained on the 
relationship of other factors to the day-length effect. It is true that 
rigid control of the environment necessarily will introduce conditions 
differing more or less from those obtaining in nature, but insofar as 
normal growth and development of the plant can be obtained, this 
method appears to furnish the best available means for studying the 
interrelation of the light period and other factors. 

in the present paper results obtained in growing typical short-day 
and long-day plants under controlled conditions are presented. The 
primary objectives were (1) to compare plant response to the daily 
light period under rigidly fixed environments involving artificial 
illumination with results previously obtained under more or less 
natural conditions and (2) to make a direct study of the interrelation 
oi day length and temperature as ecological factors. To culture the 
higher plants under adequately controlled conditions offers many 
experimental difficulties and at best is both laborious and expensive, 
so the data presented are necessarily limited. These data, however, 
appear to throw additional light on the photoperiodic responses of the 
plants studied and on the relation of temperature to these responses. 
With the artificial climates employed it has been possible to obtain 
photoperiodic responses closely agreeing with those observed under 
outdoor conditions. 

i Received for publication Jan 23, 1936, issued July 1936 
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MATERIAL AND METHODS 

Soybeans (Soja max (L.) Piper), sugar beets (Beta rulgaris L.), 
and Rudbeckia bicolor Nutt, were used in the experiments, all of 
whieh were eoneerned mainly with initiation of sexual reproduction. 
Special attention was given to the comparative responses of the 
Mandarin, Peking, and Biloxi varieties of soybean, which in the 
latitude of Washington, D. (\, behave as early, medium, and late 
sorts, respectively. The seed used were of strains supplied bv the 
Division of Forage Crops and Diseases. At Washington the Biloxi 
and Peking varieties are markedly delayed in (lowering by exposure 
to the maximum day length of summer, amounting to nearly 15 
hours, and clearly are to be classed as short-day types. Although 
the lTj-hour day has only a very slight delaying action on time of 
flowering of the Mandarin, it will bo shown in the present paper 
that this variety differs essentially from the earlier ones in its photo- 
periodic response only in that its critical light period—that is, the 
maximum day length at which (lowering ordinarily takes place -is 
considerably in excess of the 15-hour maximum length of day at 
Washington. There appears to be no reason, therefore, why this 
plant should not be regarded as a short-nay type (4). The beet 
seed used w r ere of a selected strain furnished by the Division of Sugar 
Plant Investigations. Commercial seed of Rudbeckia were employed. 
The beet and Rudbeckia are long-day types. 

The apparatus used for control of environment has been described 
by Steinberg (V)). It consists essentially of eight small light-proof 
cabinets through \thieh conditioned air is circulated at a definite rate 
and which are provided with lighting units designed to furnish high- 
intensity illumination from 1,000-watt gas-filled tungsten lamps with¬ 
out material disturbance of the temperature of the air about the 
plants. In the experiments with soybeans the old type of lighting 
equipment was used, consisting of the ordinary pear-shaped 1,000- 
watt tpmp with metal reflector and a 3-inch screen of wuiter flowing 
through a pan w T ith a clear glass bottom placed between the lamp and 
the plants. In the tests with Rudbeckia and sugar beets the improved 
lighting unit, affording better horizontal distribution of light intensity, 
was used. This unit consists primarily of a special type of cylindrical 
lamp that burns immersed in distilled w r ater contained in a clear 
glass globe, the distilled water being cooled by means of tap water 
flowing through a copper coil immersed in its upper layer. 

At 12 inches below the light source the average illumination wib 
about 2,600 foot-candles with either type of lighting equipment. At 
28 inches below r the light source the illumination was about 1,200 
foot-candles, and it decreased but little at greater distances below 
the light source. The air velocity in the cabinets was maintained 
at about 0.9 mile per hour. Computations indicate that, at this 
rate of air flow the concentration of the carbon dioxide could not he 
appreciably modified by the action of the plants. When the temper¬ 
ature level was varied the relative humidity also was changed in 
such a way as to maintain a constant saturation deficit. 

The wooden containers used for growing the soybeans were made 
watertight, by coating them on the inside with asphalt and were 
fitted with metal covers containing 2-inch holes through which the 
plants grew*. Split perforated corks were used to close the openings 
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and hold the plants in place. Aluminum containers asphalted on 
the inside were employed in growing Rndbeckia and sugar beets. 
Covers could not be used because of the growth characteristics of 
these plants. 

Two potting-soil mixtures composed of a heavy loam, manure, and 
a small component of sand were used. The first mixture was em¬ 
ployed in all the experiments with soybeans except the one run at 
89° F. During the tests the moisture content of this mixture was 
maintained automatically at approximately 17.4 percent. The 
moisture content of the second soil mixture, employed in all the 
remaining experiments, was similarly maintained at 24 percent. 
In each instance the soil moisture was approximately 54 percent of 
saturation, and the weight of the moist soil in each container was 
approximately 80 pounds. 

In the experiments with soybeans 5 plants of each variety, or a total 
of 15 individuals, were grown in each container. In the experiment 
with sugar beets at 65° F. 9 individuals were grown in each container, 
but in the remaining tests the number of plants was reduced to 4 in 
order to avoid crowding. In all the Rndbeckia tests 9 individuals 
were allowed to develop in each container. 

EXPERIMENTAL DATA 

SOYBEANS 

In the six experiments with soybeans comprising the principal 
series to be reported in detail, the daily light periods ranged from 3 
to 17 hours and the four temperature levels employed were 71°, 
77°, 83°, and 89° F. In order to make a more detailed study of the 
response to day length at 77°, the interval between light periods was 
only 1 hour, and since only eight periods could be used in a single 
test, two separate experiments were required to cover the range from 
3 to 17 hours. The first of these embraced light periods ranging 
from 3 to 10 hours, inclusive, and the second embraced periods ianging 
from 10 to 17 hours, inclusive. The experimental data presented in 
table l for the light periods ranging from 3 to 10 hours and a tem¬ 
perature of 77° represent the average results of duplicate tests. Three 
experiments covering the longer light periods were carried out, but 
in two of these the control of temperature and humidity was not 
entirely satisfactory because of abnormal outdoor conditions, so 
the data reported in the principal series cover only a single experi¬ 
ment. At temperatures other than 77° the interval between light 
periods was 2 hours, so that in each instance a single experiment 
sufficed to cover the entire range in light periods. At each tempera¬ 
ture level the relative humidity employed was that corresponding to 
a saturation deficit of*0.424 mm of mercury. The duration of the 
experiments ranged from 40 to 60 days. 

The essential conditions applying to the individual experiments are 
as follows: 

Experiment 1. Duration, 60 days or 1,440 hours; temperature, 71°±0 5° F.; 
relative humidity, 44±1 percent; light periods, 3 to 17 hours. 

Experiment 2: Duration, 40 days or 960 hours; temperature, 77° ±0 5°; rela¬ 
tive humidity, 54.2dtl percent; light periods, 3 to 10 hours. 

Experiment 3: Duration, 44 days or 1,056 hours; temperature, 77° ±0.5 ; 
relative humidity, 54.2 ±1 percent; light periods, 3 to 10 hours. 
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Experiment 4 Duration, 50 days or 1,200 hours; temperature, 77° ± 1°, except 
that for a period of 4 hours there was a mean departure of approximately +2°; 
relative humiditv, 54 2±2 percent, except that for a total period of 50 hours 
there was a mean departure of about +4 percent; light periods, 10 to 17 hours 
Experiment 5 Duration, 59 da\s or 1,416 hours; temperature, 83°±0 5°, 
relative humiditv, 61 -t 1 percent, light periods, 3 to 17 hours 

Experiment 6 Duration, 44 days or 1,056 hours; temperature, 89°±1°, 
relative humiditv, 69 ±2 percent, light periods, 3 to 17 hours 

In these tests, as well as in those described later, the temperature 
and humidity levels and the range of departure from these levels 



1 *luuRK 1 —Effect of daily light period on number of days elapsing from germination to appearance of 
first blossoms in Biloxi (A), Peking ( B), and Mandarin (f ) varieties of soybeans grown at various fixed 
temperatures 

pertain in all eases to the air as it entered the individual light cases 
The possible disturbing effects of the lamps within the cases on the 
air temperature and humidity have been considered by Steinberg 
(10), Numerous observations within the cases have indicated that 
the temperature range incident to the going on and off of the lamps 
does not exceed ±0,5° F. 
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In the above-described experiments observations wore made on 
the number of days elapsing from germination to appearance of first 
blossoms and from germination to the average time of flowering of 
all individuals in each treatment, on the height of the plants at time 
of flowering and at the end of the test, and on the number of nodes 
and length of internodes of the plants. An attempt was made to 
obtain also the fresh and dry weights of the plants at the end of the 
experiments, but the data were rejected as unreliable primarily 
because of heavy shedding of the foliage leaves. The data bearing 
on duration of the vegetative stage and on growth characteristics 
are summarized in table 1 and figure 1. Unfortunately height meas¬ 
urements at time of flowering were not obtained in the experiments 
conducted at a temperature of 77° F., but the final heights of the 
plants were measured. 


Table 1.— Effect of daily light period on average number of days elapsing from 
germination to first flowering , on height of plants at flowering and at harvest, on 
number of nodes produced, and on average length of internodes in the Biloxi , 
Peking, and Mandarin varieties of soybeans grown at various fixed temperatures 
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In view of the fact that the trajr screen used in the sovbean tests 
was less efficient with respect to horizontal distribution of illumination 
than the globular screen utilized in the experiments with Rudbeckia 
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and beet, a special experiment was made to compare the two types of 
screen in their effects on flowering in soybeans exposed to certain 
light periods. The essential conditions of the test were: Duration, 
39 days or 93b hours; temperature, 77°±0.f>° F.; relative humidity, 
54.2i 1 percent ; light periods, 5, 10, and 15 hours. The results are 
shown in table 2. 

Ability to reproduce results obtained under given conditions perhaps 
constitutes one of the best means of testing the effectiveness of the 
control measures employed. The data on initiation of flowering 
obtained in experiments 2 and 3, the conditions of which already 
have been outlined, throw light on this phase of the investigation. 
The results are shown in table 3. 

Tahlk 2 Comparative effects of tray and globular types of water screen placed 
between light sourcf and test plants on number of days elapsing from germina¬ 
tion to appearance of first blossoms in Biloxi , Peking, and Mandarin soybeans 
exposed to various light periods and a temperature of 77° ±0.5° F. 
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T\m.L 3- Results of duplicate experiments, A and B, to determine effect of daily 
light pt nod on number of days < lapsing from germination to appearance of first 
blossoms in Biloxi, Piking, and Mandarin soybeans grown under controlled con¬ 
ditions at a t( mpejatun of 77° * 0 m »° F 
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The illumination conditions obtained with the gas-filled tungsten 
lamp and water screens used in the present experiments differ de¬ 
cidedly from those of natural illumination, especially as to the com¬ 
position of the li|?ht and the daily curve of illumination intensity. 
For this reason it is of considerable importance to determine whether 
the photoperiodic responses obtained with the artificial illumination 
are m line with those previously observed with sunlight. In table 
4 comparison is made net ween the results obtained with a 10-hour 
daily illumination period in the present tests at 77° F. and those 
obtained at comparable temperatures with 10 hours of sunlight in 
outdoor summer plantings and with the full day oithe winter months in 
greenhouse plantings. Similar agreement in effects of the artificial 
and natural illumination was obtained with other daily light periods. 
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Tvble 1 ('ompanson of natural and artificial illumination as afflicting dura¬ 

tion of tin vigitatin p(nod of Jiilori , Piking, and Mandarin soybians under 
short-day conditions 


Condition' of test 


Outdoor plantings ut 1-dav intervals through June and Jul\, 10-hom 
d i\ 1 

(froenliouse plantmpsat 5-duv intervals in Decembei. Janimiv and < 
Februarv, natural da> of M r > 12 hours 
('outrolled umditions, tungsten filament lamp 10-hour daj 


VI (Mill 
U i m|H*ra 
lure 

| Rilou 

Pekmu 

, 1 

Man 

daim 

i 

°/ 

Day* 

1 Day* 

Day* 

7f> 1 HO 1 

21 <> 

Ml 2 1 

i 1 

19 4 

7A 70 

2f> H 

21 . r > | 

22 1 

77_H) r > | 

2r o 

20 0 | 

21 0 


SlidAR UEKTS \Ni> KUDHKCKIA 

The experiments vn ith sugar beets were earned out at three tem¬ 
perature levels, and in each instance light periods of 0, 0, 12, 13, 14, 
35, and IS hours and continuous light were employed In the first 
experiment, which was run at 05° F., a saturation deficit of 0.25 mm 
of mercury was maintained. It was found, however, that this sat¬ 
uration deficit would he excessive for the higher temperature used 
in the second test, since no artificial refrigeration was available. 
Consequently in the later tests, covering both the highest and lowest 
temperatures used, the saturation deficit w as maintained at 0.183 mm. 
The essential conditions applying to the three experiments were as 
follows: 

Experiment 1 Duration, 77 (lavs nr 1,848 u ms; temperature, 05° t P F; 
relative hunuditv, 59- 1 percent, except that tor a total period of 52 hours 
there was an average departure of 0 4 percent 

Experiment 2 Duration, 100 davs or 2,400 hours; temperature, 00° 1 1°. 
except that for an aggregate period of 100 hours there was an average* departure 
of 1 8 U ; relative* hunuditv, 05 * 1 percent 

Experiment 3 Duration, 50 elavs or 1,344 hours; temperature, 73° I 0.5°; 
relative hunuditv, 70 5 1 percent Although it was not possible te> maintain 

accurate control of temperature and hunnelitv bevonel the perioel of 50 elavN, 
the culture's we*re coot mut'd under rough control for an additional period of 3 
weeks to deteriume whe*the*r flowering would occur under conditions other than 
continuous light In this interval tin* temperature range* was 73° to 78° and 
that of the relative hunuditv 70 5 to 83 percent However, the*re was ne> further 
flowering. 

The significant data on flowering in the three experiments are given 
in table 5. For the duration of the tests there was no reproductive 
response under the light periods shorter than 18 hours. 

Table 5 - Effect of daily light period on rannbir of days eUiyrsmg from germination 
to appiaranci of jirst blossoms in sugar bids groivn at ttO°, 6V?', and ?.i° F. 
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24 
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4h 1 
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1 Plant** did not flower 

Only two experiments were conducted with Rudbeckia . The light 
periods used were the same as for the sugar beets. As in the tests 
with soybeans, the relative humidity was that eorresponding to a 
saturation deficit of 0.424 mm of mercury. 



950 


Journal of Agricultural Research 


Vol 52, no. 12 


Experiment 1 Duration, 60 tiayb or 1,440 hours; temperature, 83° ±0 5° F ; 
relative humiditv, 61 2 ± 1 percent 

Experiment 2 Duration, 54 days or 1,296 hours; temperature, 77 °± 1°, except 
that there was an average departure of -f 1° for a total period of 8 hours; relative 
humiditv, 54 2±1 percent, except that for a total period of 84 hours there was 
an average departure of +4 percent 

The results obtnined in the two experiments are shown in table 6. 
In the experiments at 77° F stem elongation oecurred with the 13- 
hour day, but the plants had not flowered when the experiments were 
terminated There was no (lowering with day lengths of 6, 9, or 12 
hours at either temperature 

Tahlk 6 Hfftet of daily light ptnod oil number of days elapsing from germination 
to apptaranet of first blossoms and from g( rim nation to averagt time of flowering 
of all individuals and amragt hi ight attaintd by tht stem of Rudbeekia bicolor grown 
at ??° and at F 
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INTERPRETATION AND DISCUSSION OF RESULTS 

For the most part the experimental material was grown under 
closely controlled conditions, and the data for soybeans given in table 
3 show that with the equipment and methods employed it is possible 
to satisfactorily reproduce experimental results That the growth 
and development of the experimental material obtained in the artificial 
climates employed closely approximate results under natural condi¬ 
tion^ is shown in figure 2 Although the improved lighting assembh 
with the globular water screen possesses several advantages over the 
ilder lighting system with the tray type of water screen, the latter 
also can be made to yield satisfactory results (table 2). It is a matter 
of special interest that with the artificial climates used in the present 
experiments the number of days elapsing from germinution to appear¬ 
ance of first blossoms in the three varieties of soybean in response to 
favorable daily light periods agrees closely with results obtained with 
plantings grown with natural illumination under comparable tempera¬ 
ture conditions (table 4) and previously reported in part (7). In this 
connection it may be stated that observed differences of 1 or 2 days 
in the time elapsing from germination to first flowering are not ordi¬ 
narily significant, since it becomes largely a matter of individual judg¬ 
ment as to whether opening of a particular blossom is to be regarded 
as occurring on a given day or on the following day. 

The number of days from germination to first flowering in each 
variety of soybean as affected by day length at each of the four tem¬ 
perature levels employed is shown graphically in figure 1. The corre- 
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spondin^ data for the average number of days required for all indi¬ 
viduals in each test to reach the flowering stage are given in table 1. 
In view of the small number of plants used, the results as a whole are 
remarkably consistent. At each of the temperatures employed a 
selective or differentiating action of day length on the three different 
varieties with respect to the critical light period is clearly in evidence 
With favorable temperature conditions the critical light period for 
the Mandarin lies in the region of a 17-hour day, that of the Peking 
around a 15-hour day, and that of the Biloxi between a 13- and 14-hour 
day. Additional obsen ations with narrower differences in day length 



1mm Ri* 2 Rudhtikiu buolot ( 1) urxl sugar boots {R) grown with various daily light periods ranging fro'n 
(» hours to continuous light as indicated by numbers below the plant containers, and at fixed tenifiera 
tures of 77° and 60° F , respectively These cultures illustrate the type of growth and development 
obtained with the artificial c hmates employed 

are needed to fix more accurately these critical light periods for the 
particular conditions involved. As the temperature becomes increas¬ 
ingly unfavorable the critical light period tends to become somewhat 
shorter, as shown, for example, in the result with Mandarin at 89° F. 
and that with Biloxi at 71°. F(fr each variety there is a rather wide 
range in day lengths that are shorter than the critical light period and 
are approximately optimum for flowering. For the Mandarin this 
range is about 9 to 14 hours, for the Peking 8 to 12 or 13 hours, and for 
the Biloxi 7 to 11 hours, although distinctly unfavorable temperatures 
tend to narrow somewhat these ranges. Perhaps the true optimum 
day-length ranges can be somewhat more narrowly defined as the 
zones lying between 11 and 13 hours for the Mandarin, 9 and 12 hours 
for the Peking, and 8 and 10 hours for the Biloxi. 

It is of interest to consider the relative efficiency of the light energy 
in initiating reproductive activities under conditions of constant inten¬ 
sity and composition but with varying daily duration of light. Taking 
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for this purpose the product of the daily hours of light and the number 
of days elapsing from germination to appearance of first blossoms, it 
appears that, as shown graphically in figure 3, exclusive of the general 
region of the critical light period, the values for each variety 
and each temperature employed tend to form ascending linear series. 
The total number of light hours elapsing from germination to first 
flowering increases with increase in length of the daily light period, 
maximum efficiency of the light being attained with the shortest (lay 
length which will maintain the plant. Hence, graphs representing 



this relationship differ in form from those of figure 1 except in the 
region of the critical light period, where they assume the same form. 
It seems probable that the increase in number of days elapsing from 
germination to first flowering with the shortest light periods employed 
as compared with the intermediate light periods (fig 1) is due to con¬ 
ditions of impaired nutrition rather than to any weakening of the form¬ 
ative action of the light-darkness ratio. None of the soybean varieties 
was able to survive with a 3-hour daily period of light, while the Biloxi 
and Peking flowered with a 4-hour period and the Mandarin flowered 
with a 5-hour period. * 

As always has been the case when the soybeans were grown with 
natural illumination, the factor of heredity in relation to relative 
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number of days elapsing from germination to appearance of first 
blossoms in the different varieties under optimum conditions comes 
into play in the present data, although its effect is small. As shown 
by the values in figure 1 and the corresponding average values in table 
1, the minimum number of days elapsing from germination to first 
flowering in the Biloxi exceeds the minimum in the Mandarin by 
about 3 days, and the minimum in the latter exceeds that in the 
Peking by 1 or 2 days. 

The effect of temperature on the duration of the vegetative stage 
is clearly evident in the results obtained (table 1 and fig. 1). The 
lowest temperature employed (71° F.) was distinctly suboptimum, 
and flowering was delayed in all varieties and with all day lengths. 
The next higher temperature (77°) is much nearer the optimum for 
all varieties and all day lengths. The third temperature level (83°) 
gave practically the same results with Mandarin and Peking as were 
obtained at 77° for all day lengths except in the region of the critical 
light period, but 83° appears to be nearer the optimum than 77° for 
the Biloxi. The highest temperature employed (89°) was somewhat 
excessive on the whole, especially for the Biloxi, although at optimum 
day lengths this temperature slightly accelerated flowering in the 
Peking and Mandarin as compared with lower temperatures. 

The interrelation of temperature and day length as affecting soy¬ 
beans has been studied by Eaton ( 2 ) and by Gilbert (8b By sub¬ 
jecting Peking soybeans that were growing in a 13-hour day to a 
night temperature of about 50° F., Eaton obtained a considerable 
delay in flowering in comparison with similar plants exposed to night 
temperatures of 05° and 90°, respectively. Gilbert made observations 
on Mandarin, Peking, and Biloxi soybeans grown under short-day 
conditions in the greenhouse, one lot of each being exposed to a mean 
temperature of 65° to 70° and a relative humidity of 85 percent, while 
corresponding material received a mean temperature of 75° to 80° 
and a relative humidity of 50 percent. Under the latter conditions 
all varieties showed flower buds in about 30 days, while at the end of 
this period there was no indication of flowering at the lower tempera¬ 
ture and higher humidity. 

It is apparent that the soybean is decidedly a warmth-loving type. 
In the data herein presented there is no evidence of a definite selective 
or differentiating effect of temperature on the three varieties as to 
time elapsing from germination to appearance of first blossoms. Ap¬ 
parently the effects of temperature could not explain the fact that when 
planted in early summer in the latitude of Washington, I). C\, the 
Mandarin, Peking, and Biloxi inVariably behave as early, medium, 
and late-maturing varieties, respectively. The falling temperature 
in late summer or fall would tend to retard rather than hasten flow¬ 
ering in the late variety, while the relatively high temperature of mid¬ 
summer would favor early flowering in this variety. In line with 
previous findings (7) it appears that length of day rather than tem¬ 
perature is primarily responsible for the observed differences in the 
three varieties with respect to time of flowering and fruiting when 
grown in moderately high latitudes. However, it seems clear that a 
relatively high mean temperature is required for success in all of these 
varieties. 

The data in table 1 afford a basis for computing temperature co¬ 
efficients for flowering of the Biloxi, Peking, and Mandarin soybeans 
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through a range in temperature of 18° F. at various day lengths. 
These coefficients are shown in table 7. It is evident that all are 
below the values (2-3) ordinarily associated with chemical reactions, 
and progressively increase in magnitude with increase in day length. 
If the size of the temperature coefficient be indicative of the type of 
reaction, as is usually assumed, it would seem that the reactions that 
are associated with flowering in the plant differ from those applying 
to vegetative growth. With increasing day length the purely chemi¬ 
cal reaction appears to play an increasingly greater part in determining 
the time of the flowering process, as indicated by the increasing values 
of the temperature coefficients it is felt that the divergencies in 2 of 
the 10 \ allies do not vitiate these conclusions inasmuch as the re¬ 
maining data are relatively uniform even though based on only two 
experiments, and, moreover, the variations occur near the region of 
greatest error, namely, the critical day length for flowering. Again 
the uniformity in values for the three varieties at each of the day 
lengths tested indicates that flowering is influenced by temperature 
to approximately the same degree in all these varieties, ami that their 
differentiation in nature into late, medium, and early varieties, re¬ 
spectively, cannot be dependent on temperature. 
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Because of the small number of individuals grown in each test, 
conclusions to be drawn from the data on growth relations necessarily 
must be somew T hat tentative As a result of crowding and other 
factors, mdividuals that obtained a poor start often tended to lag in 
growth, so the average values do not present smooth series such as 
were obtained in the data on flowering. Whether the plants under 
the x arious treatments attained the flowering stage, and also the 
time required to reach this stage, would be expected, of course, to 
modify the rate and especially the ultimate amount of growth. At 
89° F. the attained height of the Mandarin at time of flowering 
incieased progressively w r ith increase in the daily number of hours of 
light (table 1), and apparently attenuation was associated with 
this response. In no other instance was there definite increase in 
attained height of the plants at flowering time Ih response to increase 
in the daily light period except in the general region of the critical 
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light period. Within the latter range of day lengths the height 
increased rapidly with increase in the light period. For reasons which 
are not clear these results differ somewhat from those obtained by 
various investigators working with natural illumination. Under the 
latter conditions increase in the light period through the lower ranges 
usually has resulted in increased height of the plants at time of flower¬ 
ing. However, the average daily rate of growth during the pre¬ 
flowering stage showed a clearly defined tendency to increase with 
increase in the photoperiod in ail of the varieties at 83° and 89°. At 
71° temperature apparently was the principal limiting factor, and 
only the Biloxi showed appreciable increase in growth rate in response 
to increase in day length. With respect to effects of temperature, 
with only a single exception, each increment increased both the 
attained height at flowering and the average daily gain in height for 
each day length employed. 

The final height at tune of harvest on the whole tended to increase 
with increase in the duration of the daily light period. In the 
Mandarin and Peking the rate of increase with increase in the light 
period was much more marked as the critical light period was ap¬ 
proached, whereas in the Biloxi the height increased more or less 
uniformly with increase in duration of the light period. Interpreta¬ 
tion of the data bearing on the relation of temperature to final height 
of the plants is complicated somewhat by the fact that the tests 
conducted at different temperatures weie not continued for the same 
number of days. The average duration of all tests was approximately 
SO days. When the data on final height m table l are adjusted on 
this basis, it appears that with all varieties and all day lengths 
employed increase of temperature from 71° to 77° K materially 
increased the height of the plants. Further increase in temperature 
from 77° to 83° produced comparatively little effect. The final 
temperature increase from 83° to 89°, however, produced a further 
marked increase in plant height, this effect increasing somewhat with 
increase in day length Even the unadjusted data of table 1 show 
on the whole a decided increase in height of the plants with increase 
in temperature 

The effects of varying the daily period of light on the number of 
nodes produced by the individual plant were similar to the effects 
on final height of the plants. In the Biloxi the number of nodes 
tended to increase more or less uniformly with increase in day length, 
w'hereas in the Mandarin and Peking the relative increase in number 
of nodes produced with increasing day length was much more marked 
in the region of the critical light period. The effects of temperature 
on the number of nodes produced and the average length of internodes 
become more clearly defined when the observed data are adjusted to 
a basis of 50 days as the duration of each test, as was done in consider¬ 
ing temperature effects on the final heights of the plants. On the 
whole, the number of nodes, especially in the Biloxi, tended to increase 
with the increase in temperature, and in the case of the other two 
varieties with the increase from 71 0 to 77° F. At the higher tempera¬ 
tures employed, especially at 89°, increase in the photoperiod pro¬ 
duced a pronounced increase in the average length of intemodes in 
the Peking and Mandarin, but in other cases showed little or no 
consistent effect. Increase in temperature from 71° to 77° produced 
a definite increase in length of intemodes in each variety and at all 
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day lengths, and there was a further increase in internode length, 
mainly m the Mandarin, at 89°, the highest temperature employed. 
On thV whole, length of internode was least affected by temperature 
in the Biloxi and most affected in the Mandarin. 

The data obtained with sugar beets are too limited to afford a 
comprehensive picture of the interrelationship of temperature and 
duration of illumination as affecting reproductive activity, but they 
throw considerable light on the subject. The beet is recognized as 
being a pronounced lon^-day type, and it has been found by several 
investigators also that in this plant stem elongation, flowering, and 
seed formation are favored by relatively low temperature. In the 
present tests flowering occurred in 65 days with an 18-hour day and 
with continuous illumination at a temperature of 60° F., but with 
increase of temperature the 18-hour light period progressively de¬ 
creased in effectiveness. With continuous light, however, the time 
elapsing from germination to appearance of first blossoms decreased 
with increase in temperature up to 78°. It does not follow, of 
course, that maximum amount of flowering and fruiting would occur 
at the higher temperature. Under the conditions and foi^lie dura¬ 
tion of the tests there was no stem elongation or flowering w T ith light 
periods shorter than 18 hours. In all cases there was considerable 
enlargement of the root. 

In earlier experiments in the greenhouse, conducted by Garner in 
collaboration with Allard, the results of which have not been pub¬ 
lished in detail though briefly referred to in a nontechnical paper (#), 
several varieties of table beet as well as sugar beet developed seed- 
stalks and flowered freely without material thickening of the root 
when exposed to a 16- to 17-hour day and a mean temperature of 
about 55° F. The plants received the full day of winter supple¬ 
mented with high-intensity artificial light till midnight, and the daily 
range in temperature was about 10°. The time required for flowering 
was 130 to 135 days from germination. With similar illumination 
and a mean temperature of approximately 72° no stem elongation or 
flowering occurred, but there was decided enlargement of the root and 
the leaves were quite long. Under the short-day conditions there was 
no stem elongation at either temperature during the period of the 
tests, while there was more pronounced thickening of the root at the 
higher than at the lower temperature. In a prior experiment with the 
table beet (6*) large roots taken from winter storage and grown under 
outdoor conditions of temperature and full day length in late spring 
soon flowered. Similar plants exposed to a 10-hour day produced 
short seedstalks, but the apical buds subsequently developed into leaf 
rosettes and there was no flow r ering. 

With a day length of 14.5 to 15 hours and a mean temperature of 
65° F. or slightly lower, Skuderna 3 obtained flowering within 75 days 
in sugar beet seedlings growing in the greenhouse. Supplementing 
daylight with high-intensity electric light for the entire night and 
avoiding the high temperatures of midsummer, Munerati ( 9 ) was able 
to grow’ five generations of beets in 1 year, obtaining mature seed in 
52 to 66 days after planting. With a temperature of 50° to 66°, 
Chroboczek (/) obtained elongation of seedstalks but no flowering in 
table beets exposed to an 8-hour day, and sugar beets failed to produce 

JSKIDEKNA, AW FiioToPERioDisM Amer Beet Sugar Co . Research Dept 1926 (Unpublished J 
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seedstalks under the short-day conditions. With continuous illumi¬ 
nation flowering occurred, even at a temperature of 70° to 80°. 

It seems clear that the beet, which is a long-day type, differs also 
from the soybean, a short-day type, in that the temperature range 
favorable to reproductive activity in the former is considerably lower 
than that favoring reproduction in the latter. On the other hand, it 
appears that within the favorable range of temperature the time 
elapsing from germination to appearance of first blossoms in the beet 
tends to decrease wdth increase of temperature in much the same w r av 
as in the soybean. In either case change in temperature may modify 
to some extent the response to length of day, and vice versa,'although 
it does not necessarily follow that the mode of action of temperature 
and of day length is the same. Apparently the beet does not require 
a winter rest period and commonly behaves as a biennial only because 
in most situations it is grown under combined conditions of light and 
temperature that are more or less unfavorable for reproductive 
activity. 

The data in table fi indicate that the critical light period for Rad- 
beckia is 13 hours or somewhat shorter, at least for the temperatures 
employed. Beyond this point increase in the day length up to 18 
hours decreases the time elapsing from germination to appearance of 
first blossoms, but the 18-hour day is as efiective as continuous light. 
The final height of the plants increases with increase in day length up 
to 18 hours. Increase in temperature from 77° to 83° F. decreases the 
time elapsing from germination to first (lowering and increases the 
final height of the plants. Rvdbeckia , a long-day type, resembles the 
beet in its response to length of day, while it rather closely resembles 
soybeans in its temperature requirements. As in the case of both the 
beet and the soybean, within the range of temperature favorable to 
reproductive activity the time elapsing from germination to first 
flowering decreases with increase of temperature. 

From the standpoint of the interrelationship of length of day and 
temperature as environmental factors, soybeans, sugar beets, and 
Rudbeckia may be regarded as representing three somewhat contrasted 
types with respect to reproductive response. For the beet, a com¬ 
bination of long day (or continuous light) and cool temperature affords 
optimum conditions; for Rvdbeckia bicolor ) a combination of long day 
and warm temperature; and for late-maturing (Biloxi) soybeans, a 
combination of short day and warm temperature. The early-maturing 
(Mandarin) soybean differs essentially from the late-maturing variety 
only in that it has a considerably longer critical light period, and in 
this respect the medium variety (Peking) occupies an intermediate 
position. The fourth possible type of plant, in which reproductive 
activity is favored by a short day combined with cool temperature, is 
not represented in the present experiments. The work of Gilbert (8) 
indicates that Cosmos is a representative of this type. 

During the open growing season of temperate regions the mean 
temperature tends to decrease with increase in latitude, although 
locally such factors as altitude may modify this tendency. There is 
definite increase in length of day, of course, with increase in latitude. 
Accordingly, in most situations the beet would be more likely to 
behave as an annual at very high latitudes. For Rvdbeckia focolor the 
favorable effect on reproductive activity of the long days of very high 
latitudes might be offset by the lower mean temperature. In high 
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latitudes the lower temperature would be unfavorable alike to the 
early and late varieties of soybeans, but the latter, because of their 
shorter critical light period, would be at a distinct disadvantage as 
compared with the former. Plants of the type to which Cosmos 
belongs probably are better adapted to relatively high latitudes than 
is the group represented by the late-maturing variety of soybeans, for 
although the two groups have similar day-length requirements the 
{ailing temperature of late summer or early fall is more favorable for 
the former 

SUMMARY 

Fairly extensive observations were made on response to length of 
day of early-, medium-, and late-maturing varieties of soybeans grown 
at mean temperatures of 71°, 77°, 83°, and 89° F. under controlled 
conditions. Limited observations also were made on sugar beets 
grown at mean temperatures of fi()°, 05°, and 73°, and on Rudbeckia 
bicolot Nutt, grown at mean temperatures of 77° and 83°. The plants 
were grown with high-in tensity illumination from gas-filled tungsten- 
filament lamps in specially constructed chambers, and various day 
lengths were used 

With the artificial climates employed the reproductive response ol 
soybeans to length of day agreed closely with results previously ob¬ 
tained with natural illumination under comparable conditions. With 
the artificial climates it was found possible to satisfactorily duplicate 
results 

At each of the temperatures employed there was definite contrast in 
the response of the three varieties of soybeans with respect to the 
critical day length for flowering, that is, the maximum length of day 
at which the plants tended to become reproductive. With favorable 
temperature conditions the critical light period for the early variety 
(Mandarin) was found to be in the region of a 17-hour day; that of the 
medium variety (Peking), around a 15-hour day; and that of the late 
variety (Biloxi), between a 13-hour and a 14-hour day. The optimum 
day length for flow ering w as not sharply defined, but that of the Man¬ 
darin seemed to range from approximately 11 to 13 hours, that of the 
Peking from 9 to 12 hours, and that of the Biloxi from 8 to 10 hours. 

The soybean was found to have a relatively high temperature 
requirement, and there appeared to be only slight differences in the 
requirements of the three varieties used in the tests. The lowest 
mean temperature employed (71° F.) delayed flowering in each of 
the varieties at all day lengths. Temperature differences altered 
the critical light periods to a limited degree, but there were no marked 
contrasts in these effects on the three varieties. Response to length 
of day appears to be primarily responsible for the fact that the Man¬ 
darin, Peking, and Biloxi normally behave as early, medium, and late 
varieties, respectively. 

The total number of light hours elapsing from germination to 
appearance of first blossoms increased with increase in length of the 
daily light period, maximum efficiency of the light being attained 
with the shortest day length capable of maintaining the plant. The 
efficiency of the light energy increased with increase of temperature. 

Because of the small number of individuals grown in each test and 
their uneven growth rate, only tentative conclusions may be drawn 
from the data obtained on grow th relations in the soybeans. At the 



June is, im Response t>f Plants to Length of Dag and Temperature 959 

higher temperatures the average daily growth rate during the pre¬ 
flowering stage increased with increase in day length, but at 71° F. 
temperature appeared to he the chief limiting factor. The final 
height of the plants tended to increase with increase in the daily light 
period. The height at time of flowering as well as the final height 
tended to increase with increase in temperature. Increase in length 
of day increased the number of nodes produced, hut did not greatly 
affect the length of the internodes except that in the Mandarin and 
Peking there was a marked increase at the higher temperatures. 
Increase in temperature also tended to increase both the number of 
nodes and their length, the latter effect being most obvious with the 
increase from 71° to 77°. 

The sugar beet has been found to be a pronounced long-day type, 
and it also differs from soybeans in that the range of temperature 
favorable to reproductive activity is relatively low. The strain of 
sugar beet used in the tests flowered in 39 days when exposed to con¬ 
tinuous light and a mean temperature of 73° F. As the daily light 
period decreased, lower temperature became increasingly favorable 
to flowering. Apparently the beet commonly behaves as a biennial 
rather than as an annual only because in most situations it is giov n 
under combinations of day length and temperature that are more or 
less unfavorable to reproductive activity. 

Rudbeckia bicolo / resembles the beet in being a long-day type, while 
its temperature requirements are very similar to those of soybeans. 
The final height of the plants was found to increase with increase in 
day length up to IS hours and with increav» of temperature from 77° 
to S3 0 F. 

From the standpoint of the interrelationship of length of day and 
temperature as environmental factors, soybeans, Rudbeclria bicolo/, 
and beet represent three somewhat contrasted types with respect to 
reproductive activity. In late-maturing soybeans flowering and 
fruiting are favored by a combination of short day and warm tem¬ 
perature, in Rudtxckia by a combination of long day and warm tem¬ 
perature, and in the beet by a combination of long day and cool 
temperature. However, within the temperature range favorable to 
reproductive activity, whether this be warm or cool, in each instance 
increase in temperature hastens reproductive processes. The critical 
light period for flowering may be altered to a limited degree by tem¬ 
perature and, conversely, the favorable temperature range for flower¬ 
ing may be shifted by the action of day length. 
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SCRIBNER VOLUME TABLES FOR CUT-OVER STANDS OF 
PONDEROSA PINE IN ARIZONA 1 


B\ Ezra M. Hokmruook 

Associate silvicultunst, formerly at tin South in stern Foust and Rangt Expinment 
Station , Foust Snvici , United Stalls l)< part merit of Agncultun 

INTRODUCTION 

In connection with recent growth studies of cut-over stands of 
ponderosa pine (Pinvs ponderosa Laws.) in Arizona, the Southwestern 
Forest and Range Experiment Station found it expedient first to con¬ 
struct new volume tables to fit the cut-over stands. The necessary 
measurements were made on an existing logging operation on felled 
timber similar in form to the residual stand. This was in line with 
Meyer's 1 findings in his analysis of data on ponderosa pine forests 
in the Pacific Northwest, that volume tables of this species may 
apply equally well to virgin stands or cut-o\cr stands in that type, 
provided an adjustment is made in computing stand \olumes where 
the cutting has greatly disturbed the balance of form classes. 

On the basis of these data * it is the purpose of this paper to present 
(1) Scribner board-foot \olume tables obtained from an equation 
(having only a small residual error 4 ) adapted to the computing of 
volume increment in cut-over stands of ponderosa pine, and (2) a 
comparison of the “blackjack”, “intermediate”, and “yellow pine” 
forms of the species as to a olume. These three terms, in common use 
locally, are employed to designate the three distinctive growth forms 
of ponderosa pine, namely, the \ery tapering immature trees with 
their dark, deeply furrowed, and narrow-plated bark; the transitional 
form with reduced taper and lighter bark; and the mature “yellow” 
pine, full-boled, with wide-plated, shallow-furrowed, yellowish-brown 
bark. 

CHARACTER OF DATA 

The data used in this investigation were collected in 1932 from 
trees felled during lumbering operations of the Cady Lumber Cor¬ 
poration on five sections on the Sitgreaves National Forest, Ariz. 
The stand was pure ponderosa pine, considered typical of the volcanic 
formation of the Southwest known as the Malpais soil type. The 
height of mature dominant trees averaged 95 feet. The area is gently 
rolling with low flat-topped hills and wide shallow canyons. Its aspect 
is in general southwesterly, and the altitude is about . ,500 feet. 

As indicated above, since the volume tables were "to be applied to 
cut-over stands, measurements wert 1 made only on trees (selected at 
random) of a type approximating as nearly as possible that of the 
trees reserved in Forest Service cutting, i. e., normal, live-topj)ed 
trees free from external defects. Care was taken to reject trees with 

1 Received for publication Mar 2, 1936, issued July 1936 

* Meyer, W H effect or release upon the form and voi i me or western yellow i ine Jour 
Forestry 29 1127-1133, Ulus 1931 

s Acknowledgment is due the staff of the Southwestern Forest and Range F.xiieriment Station and the 
personnel of the Sitgreaves National Forest for help m collecting the field data 

« “Residual error” as used here refers to variations in volume that are not dei»ndent upon variations in 
diameter and height 
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defects (such as bad fire scars, dead or bayonet tops, forked tops, or 
severe lightning injury) that would result in abnormality of diameter, 
height, or bark thickness. 

With mean ground level as the base, diameter and bark measure¬ 
ments were taken on each tree with adjusted calipers to the nearest 
0.1 inch at heights of 1, 3, 4.5, and 10 feet, and at intervals of 8 feet 
above that, with, usually, a shorter interval at the tip. The value 
recorded in each case was the mean of two measurements taken at 
right angles. The diameters at breast height 5 were remeasured with 
a diameter tape as a check on the caliper measurements. Bark 
thickness was measured to the nearest 0.1 inch with a Swedish bark¬ 
measuring instrument ; the figure recorded for bark thickness was 
the sum of two measurements taken at points diametrically opposite. 
Total height was measured to the nearest 0.1 foot with a steel tape. 

The three-nian crew collecting the field data were experienced 
both in Forest Sen ice timber-marking practice and in ponderosa 
pine timber-sale work in Arizona, New' Mexico, and Idaho. In 
classifying trees as blackjack, intermediate, or yellow pine, each 
tree was analyzed on the basis of character and color of%irk, shape 
and condition of crown, and character of tip. In case of disagree¬ 
ment among the three men, tin* classification agreed on by tw T o was 
accepted. Since age was found to be a fair criterion of classification, 
judgment on this point was checked by a count of annual rings on 
the stum]). Diameter and height growth of ponderosa pine is 
normally slow ; the range and mean age of the three groups was found 
to be. 40 to 105 years, with a mean of 100, for blackjacks; 110 to 
250 years, with a mean of 170, for intermediates, and 180 to 410 
years, with a mean of 270, for yellow' pines. 

ANALYSIS OF DATA «* 

Each tree for which data were plotted was scaled by the Scribner 
log rule in 10-foot saw logs with trimming allowance of 0.3 foot, a 
stump height of 1 foot, and a top diameter of 8 inches inside bark. 
To]) sections less than one full saw' log were scaled as fractions of a 
10-foot 8-inch saw log. A multiple correlation 7 of logarithm of 
(volume — 0.0) with logarithm of (diameter breast high inside bark — 
S inches) and logarithm of (height — 4.5 feet) was made for 119 black¬ 
jacks by methods described by Schumacher and TTall. 8 The calcu¬ 
lated statistics are gi\en in table 1. 


Tahle 1 —Means and standard deviations of the logarithms of {diameter breast 
high iaside barky in inches 8 ), {total heiqhty in feet — ^.5), and {volume in board 
fat ft and gtoss correlation between logarithms of the variables , for Jl ( t 
blackjacks 


\ ariahle 
( V) 


\i~ Logarithm of (\olume m board feet-M>) 

Y.» Logant hm of (diameter breast high inside bark in 
inches-8) 

A -logarithm of (total height m feet-4 5) _ 


Mean 

(M) 

Standard 
dev lation 
(«r) 

Correlation 

coefficient 

(r) 

Logarithm 

M i=l 0011 

Logarithm 
<r,*0 51ft() 

ri?*+0 0557 

A/.— (>215 

1 7580 

«r?- .1787 

<rj« 0000 

r,j«+ 7280 
rn-+ 6190 


' 4 5 feet abo\e the ground, abbrev mted d b h. 

* \<*k f umledgement is due F. X Schumacher and It. A Chapman of the Forest Service for assistance 
and valuable suggestions in the statistical analysis 

* In . * h,oh lh «* origin of coordinates is placed at h inches d b h , 4 5 feeLin total height, and ft ft board feet 
■n volume 

11 SCHl MACHKK. F X , and IKU , F IKWS. KM.AKITHMIC EXPRESSION OF T1MBER-THEE VOLUME Jour 
^r Research 47 710-734, illus 1033. 
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The logarithmic regression equation for these statistics, com¬ 
puted according to the method given hv Yule," is 

log (volume—6.6)=6 U 3 log (diameter breast high inside bark —8) -| 6,, , 
log (height—4.5) +log (of the constant term), 
or 

A', =-1.11 r, i a\ +i.i :>.-)f>A\ - 0.7:14:1, 

and the multiple correlation coefficient /?, = + ().»71. r >. The co¬ 

efficient of multiple correlation measures the combined importance 



Xj = LOGARITHM OF (TOTAL HEIGHT It+PEET -4 5 ) 

Fk.ikf 1 Graphic test of the lineirit* of a logarithmic volume equation based on measurements of 119 

black lack trees 

of X 2 and X 3 as a means of explaining the differences in X h 0 and 
1 equaling no correlation and perfect correlation, respectively. 

The test of the linearity of the relationship of the logarithm of 
(volume —6.0) to the logarithms of (diameter breast high inside 
bark —S) and (height —4.o) was made by comparing the actual X x 
value of each tree with the estimated X x value. The estimated A"i 
values were read from an alinement chart constructed from the \ olume 
equation. The results are presented in figure 1. The fit of the data 
to the calculated equation is very good. 


* Yn e, G l T an introduction to the theory o* statisth s Ed 8, rev , 422 pp , illus London 
1927 (See pp 229-252 ) 
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The same type of equation wa° fitted to the data of the interme¬ 
diate and vellow pine groups and to the combined group of blackjacks 
and intermediates The graphic tests for linearity are given in figures 
2, 3, and 4, in which, as also in figure 1, the dependent variable is the 
logarithm of board-foot volume by the Scribner log rule to a constant 
top diameter of S inches, less (>.(> board feet. In every case the fit 



x 3 = logarithm of (total height IN FEET -45) 

Figvr» 2 Graphic lest of the linearity of a logarithmic \olume equation based on measurements of 118 

intermediate trees 


of the (hita to a straight line is excellent and confirms the hypothesis 
presented by Schumacher and Hall. 1011 The logarithmic regression 
coefficients, the constant term, and other statistics for the data of 
each of these groups are given in table 2 

10 Schi macuer, J* X and Hau 1 posh hee footnote 8 

11 “Timber tree volume equations of the power or logarithmic tvpe m terms of diameter and height are 
deduced from know n \ olume equations of geometrical solids on the theor\ that the volume of the tree >tem, 
unlike that of the geometrical solids, mav \arv not directly as height and as the square of diameter, but as 
other powers of these dimension*, in both cubic feet and board feet The theory is tested by transforming 
the power equation into a linear one in logarithms and calculating the logarithmic regression equations for 
available tree data ’ 
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^ 20 .40 .60 .80 1.00 1.20 140 160 

‘s X 0 LOGARITHM OF (OBH INSIDE BARK IN INCHE5-8) 



Fk.i rf 3 draphic tost of the li neurit \ of a logarithmic volume equation based on measurements of 174 

jellow pine trees 


Table 2 —Loganthmic ngression coefficients, constant Urms, and othtr statistics 
for blackjacks , inter mediatut, and yellow pines , and blackjacks arid tnU rmediates 
combined , for each of which groups thi logarithmic equations of Scribner board- 
foot volume wen calculated 


( lass 


Blackjack 
Intermediate 
S ellov, pine 

Combined blackjack and intermediate 


Partial regres 
sion coefficients 

Constant 

term 

; 

M cans 


6|? » 

hit 

! 

\/i 

” 1 

v/ t 

1 mi 

1 1068 

1 3183 

4 1201 

1 1555 

1 .1627 

1 2943 

1 3129 

, 

_ 

i 

-0 7143 
-1 0793 . 
-1 1479 
-1 0596 

Lot 

9911 

1 4363 

2 8002 

2 2081 

Log 

0 6215 
8996 

1 1220 
7694 

Log 

1 7589 
l S492 

1 9076 

1 8050 


(’lass 


Standard deviations 


<71 


Cl 


c\ 


Trees 


Stand¬ 
ard er¬ 
ror of 
esti¬ 
mate 
o\ u 


dross 
correla- 
t ion coef¬ 
ficient 
rn 


Multi¬ 
ple coi- 
rela- 
tion 
coeffi¬ 
cient 
R\ a 


Coefti 
cient of 
deter- 
mina 
turn 


Blackjack 
Intermediate 
Yellow pine 

Combined blackjack and liiterme 
diate 


Log 
« 5160 
3169 

3203 


Log 
0 3787 
2154 
1907 


Log 
0 0990 
0623 
0610 


Log 
0 1224 
0863 
0700 


Number 

119 

UK 

174 


-ft) 6199 
+ 6644 
+ 7117 


0 9/15 
9622 
9768 


0 9437 
9259 
9522 


4837 


3371 


093 H 


237 


1032 


+ 6895 


9770 


9545 
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The coefficient of determination, R z , shows the percentage of 
variance in log (volume —(>.(») that is associated with variance in log 
(diameter breast high inside bark —8) and log (height —4.5). The 
coefficient of determination for yellow pine is shown bv table 2 to be 
95.22 percent. Thus only 4.78 percent of the variance in log (volume 
—(>.(>) is due to factors other than log (diameter breast high inside 
bark —8) and log (height - 4.5). Accordingly these factors were 



1-4 1.3 16 1.7 I e 19 2 0 

X 3 = LOGARITHM OF (TOTAL HEIGHT IN FEET -4.5) 


I u.i ut 4 (truplm t«M of the lmcuntv of n logarithmic volume equation based on measurements of 237 

bla<kja< k and intermediate trees 

not considered in these computations. ]t should he noted, however, 
thdt the standard error of estimate, <j\ 2i , is a measure of the accuracy 
with which the estimated log (volume — 0.0) agrees with the actual 
log (volume —0.0) of the trees used in the study. From table 2 we 
hnd that the logarithmic volume equation for yellow’ pine is 

-Y, -1.31 S3 A\,4 1.2943 A\-1.1479, 
and that the standard error of estimate is ± 0.0700. 

COMPARISON OF VOLUME EQUATIONS 

Comparison of the volume equations of blackjacks, intermediates, 
and yellow pines resolves itself into a test of the significance of the 
difference in the log (volume —0.0) of individual trees of a given diam- 
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eter breast high and height, as estimated by the volume equation cal¬ 
culated for each group. This test was accomplished through the use 
of the standard error of the function, i. e., of the regression equation, 
as given by Miner 12 and as applied to \olume-table tests bv Schu¬ 
macher and Hall. H 

With the logarithmic equations as the functions and twice the 
standard error of the difference between values as calculated by two 



f n.t nit 5 Graphical representation of the test for determining the significance of the difference between 
the volume equation of the blackjack group and of the intermediate group The volumes computed b> 
the equations for these t w o groups are not significant 1> diffei ent 


functions for trees of the same size us the lower limit of significance, 14 
tests were made between blackjacks and intermediates, blackjacks 
and yellow pines, and intermediates and yellow pines. /Jrapliic 
representations of the tests are given in figures 5, (>, and 7, in which 

11 MlNfcR, J K THE STANDARD ERROR OF A Ml l TIPI I- KEMtFSSIClN EQl ATION \nn Math StfttlS 
2 i20- $24 1<H1 

a hint MACHER, F X, and Hu i F nos s See foot note* K 

u Roughly, the point at whjch the odds are 1 to it) that the two samples c ame from the same mm erse 
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each small cross (+) indicates the pairs of values of X 2 , X 6 for which 
\olumes were computed by each equation. The number near each 
cross is the ratio of the difference in volume, computed by each equa¬ 
tion, to the standard error of the difference. A ratio of 1.9599 or 
larger is considered significant. It should be noted that the area 



h i e n irn 'I , ^ m, of the test f( > r d , et «rrnininR the significance of tlie difterenee between 
J ft W « e(m , htneRroup and of the blackjack group The volumes, as estimated by 

tours' 0 1 ’ different ^cept ing in the region of Xi, A\ 1> mg between the twocon- 


between the contours of two standard errors of the difference repre¬ 
sents the distribution of logarithms of (diameter breast high -8) and 
(height —4 5) in which there is no significance or where either volume 
equation could be used satisfactorily. 

Since there >\as no significant difference between the equations for 
blackjacks and intermediates, these groups were combined and 
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compared with yellow pines. Figure 8 is a graphic representation of 
this test and shows that the volume equations for blackjacks and in¬ 
termediates combined is significantly different from that of yellow 
pines throughout the major part of their range of diameters and 
heights. Applying the data used in this test to figure 8, it wus found 



FjMTRh 7 - Graphical representation of the test for determining the significance of the difference between 
the volume equation of the yellow pine group and of the intermediate group The volumes, ao estimated 
by the two equations, are significantly different excepting in the region of Xt, Allying between the two 
contours 

that 10.9 percent of the yellow pines and 43.4 percent of the black¬ 
jacks and intermediates'combined fell within the region of no signifi¬ 
cance or where either equation could be used satisfactorily. This 
means, so far as these data are concerned, that two volume ta,bles 
should be constructed, one for yellow pines and one for the combined 
group of blackjacks and intermediates. 
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ALINEMENT-CHART VOLUME TABLES 

The alinement-chart form of volume table is especially valuable for 
use in growth or increment studies, since it makes it possible to use 
diameter measurements to the nearest one-tenth inch and height 



l im it* s Uitiphu il i (‘present at ion of the test for determining the significance of the difference between 
the \ oli’me equation of the \ ellow pine group and of the combined blackjack-intermediate group The 
\olumes as computed t>\ the two eijuntionb,are signiflcintlv different excepting in the region of A'j, 
h mg between the two contours 

measurements to the nearest foot and to determine volumes of small 
and large trees with the same relative degree of accuracy. 

The logarithmic lorm of the volume equations which have been 
presented is readily expressed in alinement-ehart form. Three 
straight parallel axes for log (diameter breast high — 8), log (volume 
— b.ti), and log (height —4.5), respectively, are used, upon which 
the logarithmic iunctions of the variables are graduated in the arith- 
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rnetic scale. 15 Corrections are made for constants that were sub¬ 
tracted from the variables before these were entered into logarithms, 
i. e., to volume is added 6.6 board feet, to diameter breast high’ 
inside bark is added 8 inches and double bark thickness, and to 


0 B H 
INCHES 

OUTSIDE INSIDE 
OF BARK OF BARK 


:i 


VOLUMF 
BD FT 

60O( 


t 1A 
H f CHT 
» FF 


10— 1 

Figure 9 —Alinement-chart volume table for mature jamderosa pine Oellcrn pine) 


height is ftdded 4.5 feet. Figures 4 !) and 10 represent the volume 
tables in their final alinement-cfiart form. Tables 3 and 4 give the 
data in tabular form. 

wB ruce, D., and Reineke, L II correlation alinementcharts in forest research a method 
OF SOI VINQ PROBLEMS IN CURVILINEAR MULTIPLE ( ORRE1 ATION t S Dept Agr Tech Bull 210, HS pp., 
lllus 1931. 
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Hi i ui lo \lmeimnt (hirt \oluim t dde for immature ponderosa pine (blackjacks and intermediates)* 
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Tablk tt.- Board-foot volume table , Scribner rule, for yellow pine {mature ponderosa 

pine) 1 


I) mine ter breast 
high 


Outside 

hark 

(inches) 


9 10 
9. 75 

10.50 
11.25 
12. OS 

12.90 
13.80 

14 70 
15. f>5 
10.00 

17.50 

15 43 

19 35 

20 25 

21 30 

22 30 
23. 25 
21.15 

25.10 

20.10 
27 10 
2K (K) 
29.00 

30 00 
HI. 00 

31 95 

32 90 

33.90 
34 SO 
35.75 
30 SO 

37 80 

38 80 

39 81 

40 90 


Basis (trees)~ 


Volume when the total height of tree is ■ 


40 feet 

50 feet 

00 feet 

70 feet 

80 feet 

Board 

Board 

Board 

Board 

Board 

feet 

15 

feet 

feet 

feet 

jeet 

IS 

22 

25 


22 

28 

34 

40 


31 

40 

50 

00 

71 

41 

54 

08 

82 

98 

,53 

70 

89 

108 

128 

00 

88 

112 

137 

163 

80 

IDS 

137 

109 

203 

90 

129 

160 

204 

244 

113 

153 

197 

240 

288 

130 

177 

227 

279 

334 

147 

201 

258 

317 

382 


225 

290 

359 

130 


251 

322 

399 

479 


278 

300 

441) 

5:9) 


300 

397 

488 

590 


339 

435 

537 

645 


309 

473 

585 

707 


398 

514 

035 

700 


430 

558 

090 

825 


603 ‘ 

740 

890 



044 

787 

950 



088 

840 

1,010 



727 

895 

1,080 



770 

947 

1.145 



820 

1,000 ' 

1,210 




1,057 

1,275 




1,112 

1,345 




J, 108 

1,400 




1,225 

1.405 




1,270 

1,530 




1,345 

1,010 





1.094 





1,70(1 





1,850 





1,930 

0 

3 

2 

19 

03 

I_ 


90 feel 

1(H) feet 

110 feet 

120 feet 

Board 

Board 

Board 

Board 

feet 

feet 

feet 

feet 

149 




190 

21S 



235 

270 



284 

327 

370 

49(1 

337 

387 

440 

391 

448 

508 

575 

444 

514 

582 

000 

498 

578 

050 

7*0 

.500 

045 

730 

825 

022 

717 

810 

915 

090 

790 

895 

1,015 

755 

870 

984 

1 , no 

821 

940 

1,075 

1,210 

890 

1,025 

l, 104 

1,300 

901 

1,110 

1,255 

1, 120 

1.040 

1,200 

1,352 

1,525 

1,107 

1,277 

1,445 

1,03(1 

1,185 

1, 300 

1,540 

1,711 

1,255 

1,445 

1,010 

1,858 

1,333 

1,530 

1,740 

1,970 

1 1.409 

1,024 

1,840 

2,100 

1 1,480 

1,710 

1,950 

2,210 

1,558 

1,800 

2,000 

2,320 

1,040 

1,890 

2,104 

2,125 

1,720 

1,990 

2,270 

2,520 

1,790 

2,090 

2,370 

2,050 

1,880 

2,193 

2,480 

2,791) 

1,989 

2,3(H) 

2,000 

2,910 

2, 080 

2,400 

2,710 

3,050 

2, 180 
2.275 

2,500 " 

I 2.840 

3,200 

2,000 

1 2,952 

| 3,35J) 

50 

22 

j 9 

" 


Bums 

(trees) 


A Unntnr 
l) 


9 

10 
10 
10 
15 

13 
12 

14 
14 


1 

2 

1 

2 

0 

0 

0 

1 

0 

0 

171 


i Block indicates extent of basic data Prepared by the method of least squares Basis 174 trees moav 

Maipaia ares- Average height of mature dominant trees, 96 fee ; stumpje* h, f ; '/“J;,',"/’'' sertiout 

bark, s inehes; scaled in lMoot log lengths with trimming allowance of«U foot add 
sealed as fractions of 16-foot, K-inch log Aggregate deviation, chart 0 4.1 percent low, average percentage 
deviation trees 10 inches -h 8 5 percent; values read from alinement mart 


In using these volume tables, discretion is necessary.- It should he 
remembered that they will give results within the standaid enor 
specified only if they are applied to trees growing in stands sinuiai 
to those from which the data were taken. It does not appear, ho\ve\ ei, 
that this limitation will greatly restrict the use of the volume tables 
on stands cut under present Forest Service cutting practice. 
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T*ble 4 — Board-foot volume table , Scribner rule t for blackjacks and intermediates 
(immature ponderosa pines) 


Diameter breast I Volume when the total height of tree is 

high 



Basis 

(trees) 


Num¬ 

ber 

4 

11 

11 

21 

10 

24 

15 

22 

lb 

19 

20 
10 
19 
f> 
10 

i 

1 

1 

8 

1 

0 

0 

0 

0 


237 


Block indicates extent of basic data Prepared by the method of least squares Basis 237 trees meas¬ 
ured by the Southwestern Forest and Range E\i>enmeiit Station on the Sitgreaves National Forest, Am 
Malpais area \\erage height of mature dominant trees, 95 feet, stump height, I foot, top diameter inside 
baik, N inches, sealed in lfl-foot log lengths with tiunmmg allowance of 0 3 foot, additional top sections 
scaled as fractions of lb-fool, N-mch log, aggregate deviation, chart 0 12 ]>crcent high, average percentage 
deviation trees 12 inches +, M 0 per(*ent, values read from ahnement chart 


SUMMARY AND CONCLUSIONS 

This paper presents the methods and findings in the development ' 
of Seribner board-foot volume tables for cut-over stands of ponderosa 
pine on the Malpais soil type in Arizona. Improved methods of 
comparing the volume of the three age classes of ponderosa pine 
(blackjacks, intermediates, and yellow pines) are described. The 
methods used, which follow the technique developed by Schumacher 
and Hall, represent a radical departure from the methods heretofore 
used in constructing volume tables. 

The tables are presented in a linemen t-chart and tabular form. 

For the Scribner board-measure rule and for the data used in this 
study, the following conclusions may be drawn: 

(1) The volume equation for blackjacks does not give a result 
significantly different from that for intermediates. 

(2) The volume equation for yellow pines does give a result 
significantly different from that for blackjacks or from that for 
intermediates. 

(3) The volume equation for yellow pines gives a result significantly 
different from that for blackjacks and intermediates combined. 
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